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INHERITANCE OF DWARF IN CAPSICUM * 


ERNEST F DATE 

^/HEN dwarf plants first appeared in a oulture of the pepper 
variety Coral Gem, it was assumed that they were caused 
by disease The dwarfs were abnormal in appearance, averaged 
about six inches in height, had cnnkled leaves and bore few fruits 
Normal Coral Gem plants were about twelve inches m height, 
had smooth leaves and produced abundant fruits The data pre¬ 
sented in this paper were secured incidentally dunng the courso 
of a study of inheritance of fruit-length in crosses between the 
varieties Coral Gem and Anaheim 1 Not until the second genera¬ 
tion by self-pollination after back-crossing (Table III) was grown, 
was it realized that dwarf was an inherited characteristic The 
data on the occurrence of dwarf in the variety Coral Gera are thus 
somewhat scanty 

Inasmuch as the data chiefly relied upon to demonstrate the 
inheritance of dwarf (Table III) involve the segregation of dwarf 
plants from a mixed Coral Gcm-Anahcun parentage, data on the 
occurrence of dwarf in both the Anaheim and C oral Gem varieties 
are given in Table I The data m Table I suggest that Coral Gem 
was heterozygous for dwarf and that dwarf behaved as a simple 
rect ssive The single dwarf Anaheim plant in family 26 1 appeared 
to be diseased and did not produce fruit Coral Gem dwarfs, as 
before stated, normally stt fruits The absence of dwarfs from 
the other Anaheim families indicates that the dwarf in family 
25 1 was due to disease or to some unfavorable growth condition 
Since this plant produced no fruit, it was impossible to determino 
whether the condition was inherited 

Table II shows the behavior of dwarf in the Fj and Ft genera¬ 
tions when crossed with Anaheim The Fi plants were all normal 

* Paper from the Department of Botany, University of Michigan, No 338 
1 Dale E E Pap Mtch Acad Sn, ArU and Letter*, 9 89-110 1928 
1 
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TABLE I 

Dwarf and Normai Plants in the Peppfk Varieties Anaheim 
and ConAL Gem 


Fuindy Number 

Parentage 

Normal 

Dwarf 

23 1 

Anaheim 
self pollinated 

48 

0 

25 1 

do 

65 

1 

25 75 

do 

58 

0 

27 16 

do 

98 

0 

23 4 

C oral Gem 
self pollinated 

io 

4 

25 90 

do 

34 

U 


TABJL U 

h I AND F, CiFNFRATIONrt OF CroHHEH DETWEEN CoRAI 

(Hetero7ick>us for Dwarv) and Anaufim 


tamdy Numlier 


Pareutage 

Normal 

Dwarf 

23 2 

F, 

Anahum ) 

X 

4H 

0 

23 3 

F, 

Coral Gem d" 
Coral Gem 9 

X 

56 

0 

25 2 

V, 

| 

Anaheim <J 
/ Auahoim 9 \ 

183 

53 

26 3 

*’! 

\Cored Gem <?/' 
/Coral Gem 9 \ 

102 

l 



\ Anaheim cf / 




in appearance, an indication that the character was recessive The 
two F* families, 25 2 and 25 3, came from reciprocal Fi crosses 
One of these showed segregation for dwarf, the other did not If, as 
the data of Tabic I indicate, the original Coral Gem parent was 
heterozygous for dwarf, the FTs would bo of two types, hetero- 
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Inheritance of Dwarf m Capsicum 
TABLb III 

SEGREGATION FOB DWAKF IK THB SECOND GENERATION BT SfLF 
POLLINATION AFTER THE BaCK CROSS CORAL GeM X (CORAL GbM X 
Anaheiuj and the Reciprocal Back-cross 
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zygous dwarf and homozygous not-dwarf Thus it would be ex¬ 
pected that half of the It families would show segregation for 
dwarf and half would produce only normal plants Twenty-two 
per cent of the offspring in family 25 2 were dwarfs, a result which 
conforms to the monohybrid expectation The dwarf plant in 
family 25 3, like the dwarf individual in family 25 1, Table I, u 
assumed to have resulted from some growth disturbance 

In Table III, families A 25 5 to A 25 101 were the progeny of 
self-pollinated plants of the back-croes Coral Gem X (Coral Gem 
X Anaheim), and families B 25 26 to B 25 74, came from self- 
pollinated plants of the back-cross (Coral Gem X Anaheim) X 
Coral Gem The table lists only those families which showed 
segregation for dwarf Families A 25 5 to A 25 101 gave a progeny 
of 1919 normal and 660 dwarf plants Farailios B 25 26 to B 25 74 
gave 458 normals and 136 dwarfs The total for both groups was 
2377 normals and 796 dwarfs, or 25 09 per cent of dwarfs Such 
a very close approximation to a monohybnd expectation loaves 
no doubt that dwarf behaved as a ample recessive character 
Examination of Table III shows some marked departures from 
the expected ratios, 10 per cent of dwarfs in family A 25 38 and 
39 per cent in family A 25 66 Thus family A 25 38 was 15 per 
cent too low and family A 25 66 was 14 per cent too high The 
departures offset each other, which indicates that they may have 
been due to random variations 

It was to be expected that self-pollination of the heterozygous 
Coral Gem parent would produce a pure not-dwarf strain Such 
a pure strain of normal plants was obtained from a self-pollinated 
plant of family 25 96, Table I 

flUMMAHY 

A dwarf type of pepper showed recessive monohybrid in¬ 
heritance 

Union College 
Schenectady, New Yohe 



MATERNAL INHERITANCE IN A CHLORO- 
PHYLL VARIEGATION IN CAPSICUM * 

ERNEST E IM1E 

A SINGLF vanegated popper plant appeared in the progeny 
of a back-cross, C oral Gem X Fi (Coral Gem X Anaheim) 
When the plant was first observed one cotyledon and two of the 
leaves were quite pale and apparently without chlorophyll Two 
leaves wore green on one side of the midrib and pale on the other 
Two other leaves showed irregular yellowish and green areas, the 
margins of which areas were sharply defined The second cotylo- 
don and the remaining leaves were green There wore seventy 
nine back-cross progeny The Coral Gem and Anaheim parents 
were under observation for seven generations and during this time 
neither produced any variegated plants 

Plate I, Figure l, shows the characteristic appearance of a 
variegated plant In addition to the variegated branch at the 
lower left there were smaller variegated branches in the middle 
portion of the plant, but only a small proportion of the whole 
plant was vanegated 1 he effect of the variegation upon the 
leaves is shown in Plate I, tigurc 2 The pale areas varied in 
color from nearly white (without chlorophyll) to yellowish-green 
The yellowish-green color appeared to l>e produced where green 
tissue was overlain by tissue without chlorophyll or the reverse 
The non-green parts will hereafter be referred to as white Vane- 
gation was quite as strikingly shown in the fruits as m the leaves, 
although this is not brought out in the plate The variegated 
fruits showed clearly defined sectors of pale and green tissue In 
habit and m the size and shape of the fruits, the vanegated plant, 
except that it was somewhat larger, was much like the onginal 
Coral Gem parent 

* Paper from the Department of Botuny University of Michigan No 837 

5 
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In the study of the inheritance of the variegation, self-pollina¬ 
tions and crosses wen made by using flowers on both the variegated 
and normal green branches of the variegated plant The results 
are shown in Table I Self and cross-pollinated flowers on green 
branches gavo only green offspring, families 27 1, 27 5, 27 6, 28 1, 
28 2 and 28 9 Self pollinated flowers on white branches produced 
pale offspring, families 27 3 and 27 4, and these died in the seedling 
stage The pale seedlings at first possessed some chlorophyll, being 
greenish yellow They gradually lost thur chlorophyll, however 
The cotyledons of the pale plants were approximately normal in 
size The plumules failed to develop C rosses with flowers on 
white or variegated branches, families 27 8, 28 6 and 29 1, showed 
maternal inhen tarn e, inasmuch as palo or vanegated (one plant) 
ofTspnng appeared only when white or vanegated was used as the 
pistillate parent It is noticeable that out of five families which 
produced pale offspnng, only one, 27 8, produced a variegated 
plant The twenty progeny in family 27 8 came from seed of a 
single fruit, the product of the cross White 9 X Coral Cieincf 
The variegated individual could lie accounted for by assuming 
that the supposed white branch used in the parent cross was in 
reality vanegated, but had only a verv small amount of green 
tissui The fact that only ont of the twenty seedlings in the family 
posseswal green tissue throws some doubt on such an explanation 
The variegation could also t>e explained as the result of a new 
mutation from white to green 

In family 29 1 crosses were made by using flowers on vanegated 
instead of white branches As might have been expected, this cross 
produce d a mixed progeny of pale and green plants Out of sixty- 
eight seedlings twenty were pale and soon died The rest were 
normal green plants 

(Torrens (1902, 1909) desenbed a chlorophyll variegation in 
Mirabi'is which Rhowed maternal inhentance He explained the 
non-Mendehan inhentance of the vanegation as due to its trans¬ 
mission through the cytoplasm Baur (1909) suggested that the 
inhentance of the variegation in Pelargonium zonale was through 
the plastids The zonak character was transmitted through both 
the male and female gametes lhe theory of the transmission 
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TABLE I 


Phookny from Seif and Crobr-poi tinationh on Gfu-kn W Hm and 
V ahieij atko Bkani heb or Variegated Pepper Pi ant 


Family 

number 

Parentage 

Green | 

1 ale 

\ anegated 

27 I 

Green branch 
self pollinated 

103 

0 

0 

27 3 

White mdf pollinated 

0 

IH (thed) 

0 

27 4 

White aelf pollinated 

0 

30 (died) 

0 

27 5 

( oral C em V 

X 

White c? 1 

41 

0 

0 

27 6 

Coral Gem 9 

X 

White d” 

102 

o 

0 

27 8 

White 9 

X 

Coral (. em <.-? 

0 

19 (died) 

l 

28 1 

Coral Gem 9 

X 

White o' 

78 

0 

0 

28 2 

Coral C em 9 

X 

White c/’ 

S3 

0 

0 

28 0 

White 9 

X 

Anahe-ira c? 

0 

2 (died) 

0 

28 9 

1?*/Coral Gem 9 \ 

\ White a" / 

115 

0 

0 

20 1 

\ anegated 9 

X 

Coral Gem 

88 

29 (died) 

0 
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of variegation through the plastids has been widely adopted in 
explanation of maternal inheritance of chlorophyll variegations 
Demerec (1927) inclines to the cytoplasmic explanation of the 
transmission of such characters, but states also that an explanation 
based upon mutable genes is not excluded 

Both the appearance of the plant, as shown in Plate 1, and 
the genetic behavior of the character indicate that the variegation 
here reported was of the sectorial-chimera type The data conform 
to the plastid theory of the inheritance of chlorophyll variegations, 
but they are not of such a nature as to give evidence concerning 
the mutable-gene hypothesis 

ftUMMAHY 

A chlorophyll variegation appeared in a back-cross between 
two varieties of peppers The variegation showed maternal in- 
hentanoe 

Union Colli: at 
SCHENBCTADT, N*W YOKE 
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IimtonucrioN 

I N „ HIS classic article on the climax forest of Isle Royalc, Lake 

Superior, Cooper (6) refers to the transitional zone between 
the two great phytogcographic regions, the northeastern comftr 
ami the eastern docicluous forest Certain features of both regions, 
he says, art found in the southwestern portion of the island, but 
he did not carry out his first intention of tracing the relations 
between them On the mainland of Michigan to the south, the 
maple forest is well developed, (specially at certain inland points 
Areas mar the coast, however, may show many transitional fea¬ 
tures such as occur in the Porcupine Mountains, which are about 
12*) km south southwtst of Isle Roy ah These so-called moun¬ 
tains, which are really prominent hills or hilly ridges, represent 
the highist points of land n ached m the Upper Pt ninsula As 
Leverrtt (22) points out, they are “thi most conspicuous features 
in this entire area, for they rise on their north slope very abruptly 
from tin shore of J ake Superior to a height of 1400 feet above the 
lake ” 

The Porcupine Mountains consist roughly of three ranges of 
hills, paralleling the coast (PI II, Fig 1), that nearest the shore 
being the most rugged Back of these lies a table-land stretching 
south to the Ciogebic Range 

It was not found possible to i \aminc all of this territory, nor 
docs it seem essential to an understanding of the vegetational 
development of the region Practically all the detail studies were 
made in connection with the first range and the valley of Carp 
River behind it It must be admitted that this near-shore region 
received most attention because of its greater accessibility, yet 
aside from this it seemed of major importance for the following 
reasons (1) the pioneer conditions found on the first range, whore 
the summit still remains unclanmd by vegetational development, 
(2) the nearness of Lake Superior, permitting the observation of 
various stages of succession along the shore, (3) the proximity 
of a comparatively high altitude (for the n gion) to the wind-swept 
surface of Lake Superior, giving a definiteness to the larger prob¬ 
lems of vegetation, (4) a forest covering which gives it unusual 
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value for a study of the relation lietween two climax formations, 
(5) opportunity for observing practically primeval forest con¬ 
ditions 

Field work was carrud out in the summer of 1022 Head¬ 
quarters were first established at a point on Union Bay (Section 
10, T 51 N , R 42 W ) This was found to be the most convenient 
location for the examination of the shore-line and the hemlock 
forest of the north slope I ater, headquarters were located on 
the site of an old mining property near Carp I ako All the work 
in connection with (. arp Iii\cr ^ alley and the summit of tht range 
was done from this point 

The nomenclature used in connection with the pteridophyUs 
and spermatophytes is that of Uny's Manual , seventh edition 


Lari n>R lNv*tmrATioNn in Poiuupinl Mountains 

1 he (arly interest attaching to an exploration of the mountains 
was based on the prospect of finding copper Indications of this 
interest are shown in the abandoned shafts and workings in various 
parts of the region In 1848 the mountains were visited by W D 
Whitney (13) acting as botanist on a government expedition in 
charge of J W Foster The following year several places on the 
south shore of Lake Superior were visited — as far west, Whitney 
says, as the Ontonagon \ alley and Carp River, both in the vicinity 
of the Porcupines In the second report on the region (14), which 
was published in 1851, Whitney givts a list of plants seen m the 
Upper Peninsula, including some from Isle Royafe This list, being 
very general, gives no clue as to what species were observed m the 
Porcupine Mountains In Jackson’s Lake Superior (3), published 
in 1849, Bela Hubbard, a geologist, in discussing the origin and 
character of the soil m the Porcupines, points out that the sugar 
maple predominates throughout the elevated portions, while hem¬ 
lock is the prevailing tree upon the lower lands 

During the next fifty years apparently httle was done in the 
way of botanical investigation in this region In the summer of 
1903, F L Wnght (30), assistant state geologist, continued the 
work, earlier begun under the direction of Dr L L Hubbard, of 
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preparing data for an accurate geological report and map of the 
mountain* During a part of this time he was accompanied by 
Dr A G Ruthven of the University of Michigan, who became 
interested in the biological aspects of the country In 1904 and 
190S the University Museum sent parties to northern Michigan 
to make biological studies in the Porcupine Mountains and on 
Isle Royalo One party, led by Dr Ruthven, spent one month 
in the Porcupines and the remainder of the season on Isle Royale 
The report of this expedition (1) came out in 1905 It covers both 
regions, listing mnety-one species of plants and noting the ecologi¬ 
cal distribution of the more important species 


Location and Physiogkaphy 

The Porcupine Mountains are in Ontonagon County in the 
Northern Peninsula of Michigan, in lat 47 N , long 90 VV (soe 
Map 1) Their unique position, close to the south shore of Lake 
Superior, has already been pointed out They reach a maximum 
altitude of 018 m above sea-level, or 435 m above the level of 
the lake The top of the first range or ridge comes within 2 km 
of the shore Its north slope is rather gentle, but becomes in¬ 
creasingly steep as one approaches the summit, finally reaching 
a height of 275 m above the lake in Section 14, T 51 N , R 43 W 
There is then a sudden desoent of about 120 m to the valley of 
Carp River, half of this descent being, in places, vertical rock face 
At the base of the cliff there is a talus slope extending in places 
several hundred meters down the side of the valley This groat 
cliff extends for a distance of about 10 km across T 51 N , R 
43 W It is interesting to note Foster's impressions on first seeing 
this great outcropping of rock in 1848 He says 11 Suddenly the 
traveler finds himself on the brink of a precipice five hundred feet 
deep, at the base of which lies a small lake, so sheltered and 
hemmed in by the surrounding mountains that the wind rarely 
ripples the surface Gloomy evergreens skirt its shores, whose 
long and pendant branches are so faithfully reflected on the surface 
that the eye can with difficulty determine where the water ends 
and the shore begins From this lake flows the Carp River, and 
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the beholder occasionally catches a glimpse of its waters as they 
wind through the narrow valley towards the great reservoir ” 
Geologically, the mountains form a crescent-shaped offshoot 
or spur from the mam range to the south (*ig 1) This extends 
from Keweenaw Point southwest to Wisconsin, including the well- 
known iron and copper ranges of the Keweenaw Senes The ranges 



>iq 1 C eological map of u portion of the Porcupine Mountains showing 
their rilutioii to the Keweenaw borioe to the itouth (after Irving) 


of the Porcupiuea consist largely of eruptive rocks with interbedded 
sandstones and conglomerates, the strata tilted from 30 to 40 
degrees They represent part of a pre-Cambnan upheaval, proba¬ 
bly dunng early Proterozoic time The present system of hills 
forms a comparatively small portion (Fig 2) of the onginal land 
mass, the rest having been removed by erosion dunng a very long 
period of tune 

At the beginning of the glacial penod the general topography 
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Fici 2 Geologic/il sections illustrating the eilniUiirr of tht 
Porcupine Mountains (after Irving) 

was probably much the same an at pr<*< nt 1 he mountains were 
laid bure at a relatively early date, making a cusp in th( ici front, 
presumably between the Warren and Algonquin stages According 
to Lane (21), the wuler was ponded on the north side of the moun¬ 
tains to a depth of 171 in above the present surface of Lake 
bupenor nod on the south side at least 49 m higher than this, 
the drainage being toward the Mississippi Old beach lints on 
the north slopes show successive stages in the height of the lake, 
where the lake levt 1 was more or less stationary 

From what has bet n said, it is evident that the higher level 
lies back of the first range, though the latter is much the mon 
rugged The rough topography is, in gentral, conditioned by the 
geologic structure of the region 1 hi mam drainage lines art 
occupied by the Carp and I ittlo C arp rivers, which flow approxi¬ 
mately southwest These parallel the general direction of the 
ndges and finally turn northwest, emptying into Lake Superior 
A portion of the drainage is also east and southeast into the \alley 
of Iron River 


( 1 IMATfc, OF THF R>OION 

The following data were obtained through the courtesy of the 
U 8 Weather Bureau at Last Lansing (wm also report by Hceley, 
26) It is believed that lables I and II taken together give a 
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fair index of the climatic conditions Rcrgland, representing in¬ 
land conditions, is about 27 km south-southeast of Carp Lake, 
it has an elevation of 215 m above the surface of Lake Superior 
Ontonagon is situated at th( mouth of the Ontonagon River, 
32 km cast of Rcrgland The tables show that the mean tem¬ 
perature for the year is very nearly the same for both places 

TABLh I 


M*AN 1 EMPERATl Rt AT BeRGLAND FOR It YeAHH 



Jan 

freb 

March 

April 

May 

June 


c 

- 12 0 

- 11 4 

- 4 1 

4 1 

10 6 

16 3 



July 

Aug 

Sept 

Oct 

Nov 

DeC 

Yr 

c 

18 0 

10 9 

12 7 

0 8 

- 0 2 

-77 

4 1 




TAHI1- 

II 





M* AN Ti-mp* 

nATCRL AT ONTUNAOON 

FOR 7 Y KARA 



Jan 

Frb 

March 

April 

May 

lube 


c 

-91 

- 10 8 

- 3 5 

3 S 

9 l 

13 5 



July 

Aug 

Sept 

Oct 

Nov 

Dec 

Yr 

c 

17 8 

17 4 

14 0 

9 4 

0 7 

- 6 8 

4 2 


The differences in the avtrngt monthly temperatures of the 
two places indicate the probable moderating influence of the large 
body of water The average maximum temperature for 6 years 
at Ontonagon was 34 6° C and the average minimum — 29 7° C 
The moan monthly temperature at Bergland for 11 years was 
above 0° C for 7 months of the year, beginning with April, and 
the mean monthly minimum above this for 6 months, beginning 
with May Tables prepared by the U 8 Weather Bureau show 
that the average date of the last killing frost in spring is Juno 9, 
and that of the first killing -frost m the fall is September 16, giving 
89 days as the inerage length of the growing season In this region 
the isotherms parallel the shore-line, and the average temperature 
of points along the coast is several degrees warmer than inland 
points a few miles farther back During the hot summer months, 
however, the isotherms move back from the shore, so that the 
discrepancy between shore and mlund conditions is not so great 
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AVERAGE 

Mon thly 

TABIE III 

PRECIPITATION AT Bf KOI AND FOR 

11 YfARtt 


Jan 

Feb 

March 

April 

May 

lune 

Cm 

4 05 

3 26 

4 27 

4 70 

7 85 

8 87 


July 

Aug 

fckpt 

OH 

Nov 

Dec Yr 

Cm 

9 06 

8 82 

8 72 

7 30 

6 20 

5 46 77 56 


TABLE IV 



Average 

Monthiy Precipitation at Ontonagon for 6 Years 


Ian 

Feb March 

April 

May 

June 


Cm 

5 96 

4 66 3 89 

2 61 

6 72 

6 25 



July 

Aug Kept 

Oct 

Nov 

Dec 

> r 

Cm 

U 57 

8 42 9 27 

4 i7 

6 86 

7 02 

74 67 


These data, though not extending over as great a period of 
time as might be desirable, would seem to indicate that the average 
yearly rainfall for tht region is about 76 cm The figures show that 
the average precipitation along the coast during the months from 
November to February is 30 per cent greater than the precipitation 
at Bergland 26 km back from the coast This mnv help to explain 
certain striking differences between the vegt tation near the shore 
and that farther inland Slightly more than one half of the average 
rainfall occurs during the five months of the growing season (from 
May to September), apparently coming earlier in the season at 
inland points The greatest average precipitation was in July 
The average number of cloudy days per month for five years nt 
Ontonagon was fourteen, and partly cloudy fivt, leav mg an average 
of ono hundred thirty-seven clear days for the year The prevail¬ 
ing direction of the wind at the same station is from the northwest, 
often veering around from the west 

The extent and ruggedness of the Porcupines allow for much 
local variation These climatic data arc not meant to be more 
than general Their character accords with the general mesic 
character of tho vegetation in its larger aspects 
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Ihk C limaxes 

There are two climaxes cohering the ranges of the Porcupine 
Mountains On the north slope of the first range occurs a typical 
hemlock forest Ihis gradually mergcB into a maple forest near 
the top of the slope Irom tins point mnpk forms the climax on 
the ranges to the south, though scattered patches of hemlock occur 
on the lower slopes Any interpretation of the \ogctation of the 
region must take into account the relation between these two 
climnxts, their relative position with respect to the larger physio¬ 
graphic features and the successions lending up to them In this 
paper the hemlock climax will be consider d first 

A Tin- HFMLOCK Li IMAX 

Ihis is apparenth the most menu formation of the region 
Its most typical development is on the lower half of the north 
slope of the first range It is composed largely of three free species 
Tsuga canadensis (L) Carr (hemlock), \cer sac.charum Marsh 
(sugar maple) and Belula lutea Michx f (yellow birch) At the 
lower levels ntur the lake shore the forest is almost entirely hem¬ 
lock, while near the top of the ndge it m< rges into the less mesic 
maple forest 

Intensive studies were made at various points in the forest with 
a view to determining the relations between the three principal 
species The life habits of each, from the seedling stage up, were 
studied as closely as time permitted Interrelations of the species 
were also studied by means of quadrats and windfall areas 

I Aspect of the Forest 

At first sight the forest appears to be almost a pure stand of 
hemlock The Mes are conspicuous below, but the upper portions 
of the trees, which are 25-30 m or more tall, form a dense mass 
of interlaced foliage, with a ragged sky-line Here and there arc 
occasional trees of yellow birch, with more open tops, also a few 
tall spindling maples, devoid of foliage, except near the summit, 
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which often indicate by the presence of dead twigs the competition 
to which they are subjected 

la Section 10, T 51 N , 11 42 W , the hemlock had been re¬ 
moved from certain “forties,” making it possible to obtain a view 
of the general composition of the forest from the outside Ihis 
is shown in Plate II, Figun 2 The three species mentioned are 
practically the only ones in evidence from an exterior view of u 
section made in this part of the forest Other large trie Hpicus, 
of less common occurrence, will be considered lab r 

In the area cut over, referred to nbov<, only the conifers had 
been removed, leaving the two principal deciduous species stand¬ 
ing, as shown in Plate III Tins gave an opportunity to estimate 
the relative distribution and character of the latter An estimate 
was also made of the comparative number of species in 1 he forest 
having a diameter not less than 1 5 dm This was done by listing 
the individuals in a belt transect 220 m lung and 10 m wide It 
resulted in the following data so far as the principal species are 
concerned hemlock, 80 5 per cent, maple, 13 5 per cent, >cllow 
birch, 4 5 per cent, basswood, 1 5 per cent 

On entering the forest one is impressed with the apparent ag( 
and maturity of the trees (PI I\) I ho light is much reduced 
by the dense canopy above, fomual principally by the fine spray 
of the hemlocks An examination over a large area shows con¬ 
siderable diversity in regard to light conditions, the difftrencts 
are due to more or less open areas caused by windfalls of varying 
ages In reality, the forest may be considered as a patchwork of 
these windfalls, which are ever appearing, matuiing their growth 
and consequently producing a general shift in the position of the 
better lighted areas 

The forest floor is rather uneven and on the whole well drained, 
with the general direction of the gullies north (toward Lake hup* - 
nor) A few of these gullies are occupied by small streams, e\en 
dunng the summer months, others contain no running watt r, but 
ore very moist, so that the moisture content of the soil is quite 
variable for different portions of the forest This seems to be the 
controlling factor in causing certain departures from tlu ordinary 
composition of the forest (PI V) 
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There is comparatively little shrubby vegetation in the dense 
hemlock forest Of the few shrubs found, probably Lonicera cana¬ 
densis Marsh (bush honeysuckle) is the most shade-tolerant The 
most important ecologically is Itubus parmflorus Nutt (salmon 
berry), which is quick to appear where an opening admits even a 
slight increase of light to the forest floor The bottoms of shallow 
draws aro sometimes covered with it, even when partially shaded 
Large numbers of woody sugar maple seedlings from 2 to 6 dm tall 
often form a shrubby growth of considerable ecological importance 
Other shrubs and shrubby trees found more or less frequently in 
or near the border of windfall areas arc Acer spicalum Lam 
(mountain maple), Amelanchier canadensis (L) Medio (shad- 
bush), tfalu: rostrata Richards (Bcbb's willow), Prunus virgimana 
L (choke cherry), Cornus altemifoha L f (alternate-leaved dog¬ 
wood) and Corylus rostrata Ait (beaked hazelnut) 

In general, the herbaceous vegetation forms a closer index to 
the moisture content of the surface soil than the woody vegetation 
The most widely spread and shade-tolerant species of the hemlock 
forest is Aralia nudicauhs L (wild sarsaparilla) Others of rather 
general distribution are Galium tnflorum Michx (bedstraw), Aster 
macrophylius L (large-leaved aster), Clintoma borealis (Ait) Raf, 
Mxtchella rejiens L (partridge-berry), Oxalts Acetosella L (wood 
sorrel), Tnentahs amencana (Pers ) Pursh (star-flower), Lycopo¬ 
dium annotmum L (stiff club moss) and Asptdium sptnulosum 
(O F Muller) Sw var intermedium (Muhl) D C Eaton Ihe 
following list is not so characteristic, but it includes some species 
which are frequently fouud along water courses or low ground 
Asplemum tilu-fernma (L ) Bemh (lady fern), Onoclea Struthtop- 
tcris (L) Hoffm (ostrich fern), Pkegopteris polypodimdes F6e (beech 
fern), Ctrcaea alpina L (enchanter's nightshade), 8oltdago latifoha 
L (broad-leaved golden-rod), Mitella nuda L (bishop's cap), Strep- 
topus roseus Michx (twisted-stalk), Cornus canadensis L (dwarf 
cornel), Chtmaphila umbellata (L ) Nutt (plpsissewa), Prenanthes 
alba L (rattlesnake-root), Aster pamculaius Lam, Ranunculus 
recurvaius Poir (hooked crowfoot) 

Several species of mosses and lichens lend color to the general 
aspect of the forest One of the most conspicuous w Neckera 
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pennala (L ) Hcdw , forming green mate on the sides of the trees 
and often extending several meters up On rotting logs in wind¬ 
falls and along small crcokH ot cur such moss speeu s as Brachythe - 
ctum salebiosum (Hoffm ) ftr & Sch , Plagiothecium turfaceum 
Lindb , ffypnum Crnta^a&trensis h and the lichen Lobaria pul - 
monaria (L) HofTm 

IT Composition and Dynamics of t ho horeHt 

As before indicated, one of the major probit ms in connection 
with the forest of the north slope is to account for its composition, 
especially as regards the relation b* tween the hemlock and maple 
As one ascends the slope the maple contingent becomes gnater 
and the hemlock less, ho that finally thin appears to be at first 
sight an almost pure stand of maple (PI \ 1) 

lhe fact that the most conspicuous stand of almost pure hem 
lock forest is to he found on the north slope of the first rang* 
within about 1000 in of the shore is probably to l>e accounted 
for by climatic conditions, rather than by differences in character 
of sod The present composition uf th( hemlock climax has un¬ 
doubtedly txisted for centum h In other words, the forest as a 
whole is in equilibrium as n garde the relative numbers of the 
component tree species at a given altitude A casual observation 
of the stages of succession in a windfall area might lead one to 
think that maple should be the predominant tree (PI VII, tig 1) 
tor this reason it setmed necessary to consider carefully such 
questions as the rate of growth, habit, shade toh ranee, < tc , of 
the more important species, and the relationshipt of their develop¬ 
ment, as shown by quadrat studies 

1 Consideration of individual species 

Tsuga canadensis (ht mlock) — This species continues to grow 
in diameter many years after its top has reached the crown of thi 
forest, with the result that the stand consists of individuals with 
great diversity m their ages Sapling stages are quite common, 
though their growth is often very alow The tolerance of all stages 
for weak light explains the dominance of the species over maple, its 
nearest competitor m the forest On account of this tolerance, 
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suppression at some stage of its earlier growth Is the rule rather 
than the exception 

The tree usually seeds at intervals of every two or three years, 
and, in spite of reduced fertility, many more seedlings start than 
are able to mature, even though they are not noticeably abundant, 
as in the case of the maple The production of seeds and seedlings 
is, therefore, not the critical factor in the regeneration of either 
species 

The species is extremely sensitive to sudden changes in the 
density of the forest, and seedlings respond quiokly in rate of 
growth to slight increases in the amount of light admitted, but 
they cannot endure open situations, and, therefore, the tree will 
not take a central position in an open windfall unless it is sheltered 
by faster growing species On account of its shallow root-system, 
it is very susceptible to surface fires 

Acer eaccharum (sugar maple) — This species, as it occurs m 
the hemlock climax, is tall and slim and free of limbs except near 
the top The trees are apparently healthy, though all of them 
have undoubtedly suffered more or less suppression As already 
noted, the seedlings occur m such numbers that a superficial ob¬ 
servation might lead one to conclude that in a few generations 
the forest would become a pure stand of maple (PI VII, Fig 2) 
Closer observation soon shows that a very small percentage of 
these ever mature Aocordmg to Frothingham (15), the trees seed 
in three to five years under forest conditions, and even-aged groups 
of very close-standing seedlings are of common occurrence They 
prefer maple leaf mold and avoid areas covered with hemlock 
needles The close and abundant growth of the seedlings results 
in such severe competition that the individuals are weakened and 
most of them succumb to suppression or disease The seedlings, 
however, are very tolerant of shade conditions, and a few here 
and there are able to persist and take advantage of the increased 
light occasioned by a windfall Indeed, the relative stand of maple 
and other hardwoods in the hemlock climax seems mainly to be 
conditioned by the number of windfall areas In such areas, Rubus 
parvtflortis often forms a ground-cover, affording more or less pro¬ 
tection to young seedlings which are exposed to strong sunlight 
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Botvin lutea (yellow birch) — Thla tree, coming next to maple 
in its distribution, is an important element in the climax formation 
In the forest it becomes slim and tall with a clean bole, having 
limbs only near the top A specimen was observed along a wooded 
road about 30 m tall, with a broad crown occupying half the 
height, this tree was 5 6 dm in diameter and was fruiting heavily 
It grows more rapidly than the maple and in its earlier stages 
requires much more light Seedlings are comparatively rare in 
the hemlock forest, when found, they are likely to occur m well- 
lighted windfalls Sometimes they are very numerous on a small 
area in full sunlight They occur also on rotting logs with hemlock 
and other seedlings, and are apparently free from disease The 
natural plaoe of regeneration for the species is in windfall areas 
Where an area has been slightly burned over, the seedlings are 
sometimes very numerous At one point, where the forest had 
been cut away, the mature specimens of birch seemed more prone 
to rot than the maple, apparently suffering from a sudden influx 
of bright sunlight, in other words, in most of its stages maple 
seems to be a less critical tree than the birch The latter is a 
much less aggressive reproducer than the maple, in spite of the 
fact that it seeds more often It may and often does become 
ettenstve in its habit (Frothingham, 15), producing large stands 
of even-aged trees, which shows that its seed production has a 
high enough “factorof safety ” to be well within the limits required 
by nature. Besides reproduction by seeds, this species readily 
sprouts from the stump It seems clear that its relative distri¬ 
bution in the hemlock climax is not based on the performance of 
its seeds, but on its lees tolerance for shade conditions than the 
maple and hemlock 

Other spectes of trees %n the Hemlock forest — Several other tree 
species oocur, but they are of less importance ecologically than 
those mentioned One of these of occasional occurrence is bass¬ 
wood (TiUa americana L ), a member of the deciduous climax 
It gr o ws to be a large tree, with a dear bole nearly up to the forest 
crown Seedlings were frequently found having a distinctly pros¬ 
trate habit, the leaves become very large in the shade Thuja 
occuUntahs L (arbor vitae) occurs in low spots, but is not a tree 
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of general distribution As a forest tree it often becomes very 
large Its presenoo along the shore-line will be discussed later 
Ptntw Strobus L (white pine) is occasionally found as a very large 
tree, towering above the rest of the forest As regards distribution, 
it is considered a member of the pine-hemlock climax of Clem 
ents (5) My observations seemed to indicate that where one 
was found, several others were likely to occur in the same neigh¬ 
borhood Abtes baUamea (L) MilL (balsam) is not common It 
is rarely found as a mature tree in the hemlock forest, though seed¬ 
lings are often frequent in windfall openings, and occasionally 
colonies of young trees are found in like situations Whether this 
species will mature in competition with others evidently depends 
on the mze of the forest opening, in moat places it is suppressed 
by the more shade-tolerant trees When it occurs as a mature 
tree in the forest, it is safe to infer that the opening was well 
lighted for a considerable length of time Its behavior in this 
respect boars out the findings of Cooper (6) on Isle Royalo, where 
he showed that the birth-rate of this species is balanced by a high 
rate of mortality when in competition with certain other species 

Other tree species occasionally found in the hemlock climax 
are Ptcca canadensis (Mill) BSP (white spruce), Querent rubra 
L (red oak), Fraxtnus amerxeana L (white ash) and Ostrya vxr- 
gimana (Mill) K Koch (hop hornbeam) 

2 Quadrat studies 

The method of quadrat studies was found useful in connection 
with the study of forest regeneration and the distribution of the 
principal species Where it became necessary to determine the 
average ages of the trees, this was done by means of tables pre¬ 
pared by Frothingham (15) The trees were too large to make 
felling practicable for this work, Jn addition to quadrat studios 
eveiy other means that suggested itself was used for gaining a 
knowledge of the dynamics of the forest. The quadrats were 
10 m square 

Quadrat 1 (Fig 3) — This quadrat shows the distribution of 
trees in the typical hemlock climax reproduced m Plate IV It 
represents a condition of mature growth Most of the trees here 
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stand at an average distance of from 2 to 3 ra It is noticeable, 
however, that practically half of this quadrat is occupied by a 
giant hemlock 300 years old, whose sphere of influence has un¬ 
doubtedly extended much farther than the younger trees The 
forest floor here was free of large shrubs, of small woody plants, 
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Fio 3 Quadrat 1, which is 10 meters square (see Plate IV for 
location) The numeral* indicate the approximate ages of 
the trees Demarcation between old and young growth shown 
by dotted line ta - Ttlia ammeana ic m Ttuga canadtrwu 

50 specimens of Rubus partnfiorua were counted, 14 of Lontcera 
canadensis and at least 300 seedlings of Acer saccharum The most 
conspicuous herbaceous plant was Aralta nudicavlxs Other her¬ 
baceous plants noted were Phegopteru Dryoptens, Chntonia bo¬ 
realis, Oalium tnfiorum, Mitchella repens t Mttella nuda t Cor mis 
canadensis and Lycopodium annotmum In fact, both the woody 
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and herbaceous vegetation was typical of a well-drained portion of 
the dense hemlock forest 

Quadrat 2 (Fig 4) — This was taken in a windfall It consists 
of comparatively young growth The oldest standing specimens 



Fig 4 ab ■* Abu* baUamea, « - Aotr taooKorum, bl m Brtula 
luiea pc m Ptcea canad*mu, w - PopuUa gratvhdtnlala, 
tc - Ttuga can,adcnsu, #- — falwa tret Numeral* indicate 
the approximate age* of the tree* 

consist of a hemlock 130 years old, a white spruoe 110, and a sugar 
maple 90 years old; and none of these had reached their full 
growth The dominating influence of this hemlock is clearly Bhown 
in the diagram Its dense spray is more effective in causing sup- 
preesion than that of the maple or even of the white Bprnce The 
best-lighted area of the quadrat is occupied by the younger growth, 
nearly one third of which consists of balsam The maple, 100 
years old, shown near the top of the quadrat, was broken off 
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several feet above the base by a secondary windfall, and in falling 
apparently leveled four other trees as shown, consisting of two 
balsams, a yellow birch and a specimen of large-toothed aspen 
(j PopiduB grandtderUata) The last three species named are all 
faster growing than hemlock or maple Of the 14 trees which are 
standing, 5 are balsams, 5 hemlocks, 2 maples and 1 white spruce 
The oldest balsam is 50 years, and it is certain the other balsams 
will be suppressed, probably before any one of them reaches 100 
years White spruce (Picea canadensis) is very rare in the hemlock 
forest, and it is likely that this single specimen will eventually 
disappear before the maturing hemlocks 1 his leaves the struggle 
between the 5 hemlocks and the 2 maples and typifies the final 
stage in any windfall It is very suggestive m the light it sheds 
on the ultimate composition of the forest at this point 

Salmonberry and large seedlings of mountain maple and sugar 
maple formed a low woody growth that acted as a screen for the 
usual herbaceous vegetation The quadrat contained several hun¬ 
dred sugar maple seedlings, the oldest being about 5 years old 
The latter were very much affected by anthracnoee leaf-spot and 
by an insect disease Ninety hemlock seedlings were counted, 
most of them growing on rotting logs in the shadier part of the 
quadrat Large-toothed aspen was represented by 15 seedlings, 
the largest individuals, though only 3 years old, were twice as 
tall as the 5-year seedlings of sugar maple Balsam seedlings were 
found in the sunnier parts of the quadrat, 25 individuals being 
counted Several species of mom s, already mentioned, were found 
on rotting logs in or near this quadrat Thev are often of con¬ 
siderable ecological importance m the formation of seed beds 

In the quadrat studies above described, certain conclusions in 
regard to shade tolerance and its effect in the distribution of tho 
species seem inevitable This will be considered in what follows 

3 Initial physical factors and competition 

It is evident that a great many factors enter into the dynamics 
Of the forest A few of these have been pointed out as they affect 
the life-history and occurrence of the dominant species of trees 
In a consideration of the composition of the hemlock climax on 
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the north slope two questions arise first, What causes the varia¬ 
tion in composition from the base of the slope to the top of the 
ridge, a difference in elevation of approximately 300 m ? second, 
What is the most effective factor governing the composition at 
any one point? Frothingham has pointed out that there are two 
sets of factors influencing the distribution and dominance of trees 
in the natural forest, namely, physical, including soil, humidity, 
light, etc , and physiological (biotic), including aggressiveness in 
reproduction, tolerance of shade, rate of growth, form, sire, lon¬ 
gevity and resistance to injury and disease The first question 
seems to be answered by a consideration of the physical factors 
of moisture and light Soil evidently has little to do with it, if 
all the hemlocks were removed from the north slope, maple could 
easily take possession, as is evident from its regeneration in wind¬ 
falls and its prominence in the ranges farther south Hemlock, 
rather than maple, ts thus the critical tree on the north side of 
the first range This species is known to prefer cool, moist slopes, 
where the drainage is fair Good drainage, however, may be left 
out of consideration here, as it occurs on the ranges farther south 
where hemlock is not prominent Tho greatest humidity lies low 
along the lake shore Here dense fogs are frequent even in the 
earlier part of the growing season The smaller relative humidity 
at the higher elevations allows a corresponding increase in the 
intensity of the light near the top of the ndge Ab before noted, 
hemlock is known to be very sensitive in its response to light, 
it is also known to be more shade-tolerant than maple Thus it 
seems clear that the dominance of hemlock at lower elevations on 
the north slopo and its absence as a dense stand on higher eleva¬ 
tions and on the ranges farther south are correlated with the physi¬ 
cal factors of moisture and light 

The answer to the second question in\ olves the consideration 
of the relative phyBiological response of other species, especially 
maple and yellow birch, to the conditions imposed by the dominant 
hemlock Hemlock and sugar maple are the most conspicuous 
examples in the Lake region of what Frothingham calls intensive 
reproducers, 1 e , species which are more aggressive insido than 
outside the forest The effective aggressiveness of each species is 
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due to ft combination of factors Both Bpccies, when growing under 
forest conditions, are likely to have a suppressed period of growth 
for at least the first 60 years Quadrat studies show a great varia¬ 
tion in age of individuals, even among the adult trees forming 
‘the forest crown, mature trees varying from 100 to 300 years or 
more The age of one hemlock, measuring about 1mm diameter, 
was estimated at over 400 years The greatest tolerance of maple, 
however, seems to be in the seedling stage, quadrat studies often 
show hundreds of seedlings in the dense shade of the hemlocks On 
the other hand, the seedlings of hemlock appear rather critical in 
their light requirements In general, they grow more abundantly 
in the more open part of the forest, but not necessarily in a 
windfall 


4 Kqudibnum at any point 

Though the different tree species vary widely in their relative 
production of seeds and seedlings, It seems certain that all are 
productive enough to be well within the hmite required by nature 
It has been pointed out by various observers that the “factor of 
safety” in seed and seedling production is very large and that 
there is an enormous wastage in all cases While this larger seed 
production may be important on denuded areas, it seems clear 
that it has little to do with the relative number of individuals of 
different species, where the dominant species are intensive and 
where a balance has long been reached and maintained This 
balance is changed little if any by excessive seed production of 
any species It is conditioned by something piore invariable than 
seed production. The true explanation seems to be the competi¬ 
tion between the species under the conditions imposed by the 
physical factors at that point For example, the population of 
the yellow birch, which forms approximately 5 per cent of the 
total tree population half-way up the north slope, is a measure 
of its relative response to the conditions imposed by the hemlock 
and maple Since the equilibrium of the forest represents the 
result of the effective response of each species, the balance may be 
shown diagrammatically as in Figure 5 The vectors DA, AB and 
BC (upper figure) illustrate the effective response of the three 
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principal species somewhere up the north slope Evidently the 
magnitude of the vectors does not correspond to the number of 
individuals of each species, in other words, while population may 
indicate response, it is not a measure of it The vector CD indl- 
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Fia 5 Vector diagram, illustrating approxunaU 
equilibrium at two point! on the north slope of 
the first range The upper figure illustrates the 
conditions half-way up tbs slope, tbs lower 
figure shows conditions of balance near the top, 
hemlock has been nearly replaced by maple, 

CD is represented largely by basswood and 
iron wood 

cates the effective control of all other species. The lower figure 
illustrates the conditions of balance near the top of the ridge If 
any one species were eliminated from the forest, it would even¬ 
tually come back in approximately the same proportion at any 
point 
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III Successions Leading to the Hemlock Climax 
1 Primary successions 

The primary successions leading to the hemlock climax may 
be seen along the shore of Lake Superior, at the foot of the first 
range The pioneer stages are present m most cases, but the 
transition is often rather abrupt Lack of well-marked conation 
is probably due to the severe conditions along the shore 

a) Physiographic influences 

The development of the shore-line is correlated with the post¬ 
glacial history of the Lake Superior region On account of the 
gradual withdrawal of the lake, more and more of the north slope 
of the first range has been uncovered This has probably been 
counterbalanced to a certain extent by erosion and by the sinking 
of the ooast in this region, which is believed to be taking place (1) 

The rock shore is the predominant type Whore it is gravelly 
or sandy, a little investigation shows that the rock is not far under¬ 
neath The exposed rock is largely red sandstone, dipping every¬ 
where at an angle, as shown m Plate VIII, Figure 1 In places 
conglomerate is exposed and loose boulders along the shore are 
frequent The width of the rock beach vanes from 15 to 45 m 
Sandy or gravelly beaches in more or less protected places may be 
narrower than this, so that the forest comes comparatively close 
to the water, as seen m Plate VIII, Figure 2, which shows a narrow 
gravel beach 

There is such a variation in the slope and character of the rocky 
shore that it is difficult to divide it into any definite xones in ac¬ 
cordance with the ecological factors influencing plant life Its 
lower portion, being always subject to wave action during both 
Summer and winter, is devoid of plant life, except in sheltered 
oomers of the rocks which escape the direct pounding of the water 
The lower limit of plant life is marked, roughly, by the maximum 
height of the waves in summer The winter waves and ioe usually 
reach much higher than this, and thus mark out the upper limits 
of a sone in which only the hardiest perennials are able to survive 
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b) The shore successions 

Since the surface of the lake has been at the present level for 
a long period of time, the distribution of the pioneer associations 
at any point along the shore has reached a balanoe which will 
remain practically the same so long as the climatic, ecological and 
historical factors remain unchanged In other words, it is probably 
incorrect to say that active invasion or retrogression is taking place 
at the present time, oven admitting the slight changes in coast 
line due to subsidence or erosion. 

The pioneer associations along the shore are composed of 
crevice plants, of lichens and of mosses (Pis IX-X) On account 
of the fragmental nature of the rocks, crevioe plants appear to be 
the most important pioneers, most of them are perennials The 
seeds lodge in the moist cracks of joint and bedding planes, and 
germinate even where little or no soil is present Gradually 
enough soil collects around the Bcedhng for the establishment of 
a firm root-system, and then it is able to persist for many years 
and spread by means of offshoots Two of the commonest and 
hardiest species in this connection are Juneua Dudleyi Wiegand 
and Deachampeta caeapitoaa (L ) Boauv (hairgrass) The former 
was found within 3 dm of the water, the latter is undoubtedly 
the commonest grass growing m the crevices of the shore rocks 

Plate VIII, Mgure 1, represents a typical situation for crevioe 
vegetation Such a habitat enables even woody plants to come in 
very early In the foreground is shown a large specimen of nine- 
bark (Physocarpua opuhfohus) and in the background a small 
specimen of mountain ash (Pyrwt aiichensia) The former has 
assumed more or less of the krummholz form of growth, especially 
on the lake or windward side, its habit of growth thus makes it 
more efficient as a conserver of soil and moisture 

The rate of succession along the outer shore is evidently not 
to be measured by the character of the plant life, the highest forms 
being found with the lowest As before indicated, this rate is 
exceedingly slow, owing to the seventy of the situation In spite 
of thiB, a large number of species are found. One group may be 
classed as typical crevice plants Among these, besides those 
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mentioned, are Campanula rotundifolia L (bluebell), Aster Faxont 
Porter, Senecio BaUamttae Muhl (groundsel), Fragana tnrgtntana 
Duchesne (strawberry), Achillea Millefolium L (yarrow), Equise- 
tum arvense L (horsetail) 

In the outer portion of the shore-line at least, shrubs often 
occupy the moat exposed situations The typical species are 
Physocarpm opuhfohus (L) Maxim (ninebark), Rosa aaculam 
Lindl var Bourgeatuana Cr^pin (wild rose), Sahx petiolarts Sm 
and Cornu* stolonifera Michx (red-osier dogwood) The seed¬ 
lings of Popvlus iremuloides often accompany the willows Along 
the inner portion of the shore (PI XI), tree seedlings are fre¬ 
quent, the commonest of which are those of Thuja occidentahs L 
Here the usual successions occur, with lichens and mosses as 
pioneers With a few exceptions, they are well above the wash of 
the winter waves The wash of the higher water can often be very 
accurately traced on large isolated boulders of conglomerate On 
account of its differential weathering, this material supports a 
richer flora of lichens and mosses than the sandstone, and the 
transition from washed to unwashed surface often appears rather 
abrupt 

Several species of lichens and mosses occur in the severest sit¬ 
uations Tho pioneer crustose lichen appears to be Rhxzocaryon 
petraeum (Wulf ) Koerb This form persists often under the lash 
of the winter waves Other crustose forms common on the rock 
farther back are Placodium aurellum (Hoffm ) Tuck and Jjecanora 
ctnerea (L) Sommorf A few species of mosses, such as Ceratodon 
purpureus (L ) Brid , Leptobryum pynforme (I*) Wils and Funana 
hygrometnea (L ) Sibth , occur in exposed crevices In some places 
they undoubtedly pave the way for higher plants Farther in¬ 
shore, various foliose and fruticose lichens and mat-forming mosses 
make a definite stage of the rock succession Among these may 
be mentioned Onmmia apocarpa (L ) Hedw , Amblystegium vanum 
(Hedw ) Lindb , Lobarxa laanuita (Huds.) Wainio, Parmeha con - 
sperm (Ehrh ) Aoh , Stercocaulon patckaU (L) Fr and various 
species of Cladonia 

Following the mosses and lichens one often finds the boarberry 
(Arctostaphylos Uvarursx (L) Spreng) as a pioneer mat-former 
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Wtth the accumulation of more soil, shrubby special beoome more 
abundant Besides those mentioned, the following occur Dier- 
tnila Lomcera Mill (bush honeysuckle), Amelanchter canadenste 
(L) Medio (shad bush), Cornua aUemifolta L f and Rubus pom- 
fiorui Nutt (salmonberry) 

In the development of this succession finally come the trees, 
the roots of which sometimes spread 3-10 in before finding a 
suitable crevice for anchorage (PI XII) Roots of this kind form 
an important bamer for holding back soil washed from above 
The fallen trunks also assist in the same manner, as well as finally 
furnishing additional humus by their decay 

c) Types of shore 

The character of the shore vegetation is largely influenced by 
variations m physiography This includes submerged ledges of 
rock, shore, cliffs, coves and the accumulation of shingle barriers 
(see PI XIII, Fig 1) Submerged ledges breaking the effect of 
the waves and coves affording protected areas are both factors 
in extending the forested area closer to the water's edge The 
effect of these two Influences may be seen in Plate V1IT, Figure 2 
It seemed possible to classify the shore into three general types, 
as shown in Figure 6 Figure A shows a type in which the surface 
immediately back of the shore-line is low It often represents 
the mouth of a gully, and possibly of a drowned river (see Ruthven, 
26, p 2fl) The area is swampy, usually being occupied by large 
specimens of Thuja occidentalu and Fnmnui nigra It is some¬ 
times separated from the immediate shore-line by a narrow sons of 
shingle and driftwood Back of the area there is often an abrupt 
rise of from 6 to 10 m to the typical hemlock forest 

In B the hemlock foreet extends practically up to the shore¬ 
line, though there is always a fringe of other species on the imme¬ 
diate outskirts, the commonest being arbor vitae and white birch 
Other species that occur are Abies bdUamea , Acer saccharum and 
Acer ejncatum Stages intermediate between A and B occur 
The third type, C, represents the conditions where the shore¬ 
line is bordered by a rocky cliff In this caeo the area above is 
often forested to the very edge of the cliff On account o! the 
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dip of the strata, such areas are so well drained that the vegetation 
becomes xeric in character This was found to be true even where 
the soil was 3 dm deep, as was observed at one point At this 
point the ridge had once been covered by a growth of pine, which 
had been blown down and was being followed by a growth of white 
biroh, aspen and balsam, the two former being on the lake side 




and better able to adapt themselves to the unusually severe wind 
conditions 

2 Secondary successions in the hemlock climax 

In the latter part of the summer of 1919 an extensive fire swept 
over & portion of the north range, destroying several square miles 
of virgin hemlock forest This fire extended as far east as the range 
line between townships 42 and 43 The conifers were killed out¬ 
right, though many dead trunks were left standing (PI XIII, 
Fig 2) It was very evident that the deciduous trees, including 
the sugar maple and especially basswood, were more resistant to 
the effects of the fire than the conifers This was especially no¬ 
ticeable in the sone between the burned and unburned areas, where 
the trees were (ringed Plate XIII, Figure 2, shows how thoroughly 
the humus was burned o ft, exposing what appears to be ordinary 
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talus material, composed of angular, unwashed fragments of sand¬ 
stone, mostly 1-3 dm in diameter 

“Bum" associations had started over the entire area, being 
farther advanced at some points than at others The commonest 
herbaceous pioneers consisted of Engeron canadensis L (horse- 
weed), Eptlobium anguatifolium L (great willow-herb), Aster 
macrophyllus L, Araha hispida Vent (bristly sarsaparilla) and 
Polygonum Douglasix Greene Amongst the shrubby species com¬ 
ing In next the following were noted Rubus pamfloru* (salmon- 
berry), &m&ucu8 racemosa L (red-berried elder), DierviUa Loni- 
cera Mill (bush honeysuckle), Rhus typkina L (staghorn sumac) 
and Rub us tdaeus L var aeuleaUssimus (C A Mey) Hegel h 
Tiling These are followed by Prunus pcnn&ylvanica L f (wild 
red cherry), leer spieaium Lnm (mountain maple), seedling aspens 
and occasional seedlings of sugar maple (Acer sacckarum) Hem¬ 
lock seedlings undoubtedly come in at a later stage, finally dis¬ 
placing the maple One of the most noticeable elements of this 
secondary succession is Rubus pan* tfloras The plant spreads 
rapidly over largo areas by stems just below the surface, which 
are sometimes several meters long The foliage forms a “leaf 
mosaic" which reduces the light to such an extent that shade- 
tolerant species are able to make an early steal, thus probably 
hastening the climax stage 

B THE MAPLE CLIMAX 

This is the climax associated with vegetational development 
at the top of the first range and over the ranges farther Bouth 
Its mature form may be seen 100 m north of the summit of the 
range (PI VI) Here a 10-meter quadrat was laid out (Fig 7) 
It represents a stand of almost pure maple The larger tree® 
averaged about 4 m apart, the forest canopy being rather dense 
for maple The uniformity in the ages of several of the younger 
trees marked them out as the survivors of a single generation of 
seedlings In fact, the presence of several dead saplings varying 
from 30 to 40 years of age suggested that these trees had already 
reached a critical period in their development Thrifty specimens 
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of Tilia and Ostrya were found just outside the limits of the quad¬ 
rat The soil at this point was a nch leaf mold of medium acidity 
It was not deep, as indicated by the root-systems of fallen trees, 
exposing the bare rock Though the forest floor was compara¬ 
tively open, immature shrubby vegetation was represented by 



Fio 7 Quadrat 3, representing a stand of trees in a forest of 
almost pure maple, taken m Section 14 about 100 meters 
from summit of ndge (see PI VI) a* ™ Acer aaccharum 


specimens of Hubus parvifiorus and Sambucus racemom The latter 
species gets to be very large in maple windfall^ dominating the 
ground-cover The following are typical herbaceous species Aa- 
ptdtum spinulosum (0 F M tiller) Sw var intermedium (Muhl) 
D C Eaton, Phegoptene Dryoptens (L ) F6e (oak fern), Adiantum 
pedaium L (maidenhair), Botrychium inrgintanum (L ) Sw (rattle¬ 
snake fern), Hystnx patula Moeneh (bottle-brush fcra® 8 )! Milium 
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effusum L (raillet grass), Sohdago kUtfoha L (broad-leaved golden- 
rod), Ribei Cynosbati L (wild gooseberry), Smtlactna racemose 
(L) Deaf (false spikenard), Actaea alba (L) Mill (white bane- 
berry), Vtola canadensis L , Sanguindtia canadensis L (bloodroot), 
Araha nudicauhs L (wild sarsaparilla), Polygonalum biflorum 
(Walt) Ell (small Solomon’s seal) and Qahum tnflorum Mlchx 
(bedstraw) The last species is one of the commonest of the 
smaller ground-covers 

The maple climax, as above described, occupies a compara¬ 
tively narrow sone on the north mde of the first range As will 
be shown later its development on the south side is as yet in the 
early stages, being closely related to the physiographic features 
of the range and the adjoining valley of Carp River 

I General Physiographic Features 

That the top of the first range still holds out against the moeio 
forest is undoubtedly due to the peculiar topography of this range 
As is evident from Figure 2, this topography is associated with the 
geological formation of Carp Lake, which was once much larger 
than at present The dip of the strata toward the north has created 
a great cliff or escarpment, which Is continually weathering away 
producing a talus slope at its foot (PI XIV, Fig 1) This cliff ex¬ 
tends west and west-southwest across T 51N , R 43W,a distance 
of about 10 km (Map 2) It varies from point to point along the 
range in elevation of summit, height of escarpment and width 
of talus elope At one point opposite Carp Lake the talus descends 
into the lake, but at moet points there is a fringe of forest between 
the foot of the talus and flood-plain of the river, as shown in Plate 
XIV, Figure 1 In Section 14, there is a depression in the cliff 
where the escarpment has entirely disappeared, leaving a saddle 
across the range The same condition, though leas marked, occurs 
about a mile west in Section 16, and in varying degrees at other 
points along the range, making it possible at such places to descend 
into the valley without difficulty Where a saddle is sufficiently 
low, as in Section 14, the talus is almost entirely covered by soil 
washed from above, and the fringe of forest front below may extend 
clear across the depression. In Section 15 this process has not 
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gone so far (PI XIV, Fig 2) There is still a rock face varying 
from 3 to 5 m high The relation between the various physio¬ 
graphic features as they appear at different points along the range 
is shown in Figure 8 

Cross-section A (Fig 8) represents a stage of the cliff found 
opposite Carp Lake in Section 22 Here the escarpment is high 
and the talus slope dips into the lake At this point the trap and 
sandstone portions of the cliff can be readily distinguished The 
trap is superimposed upon the sandstone and has undergone a 



greater disintegration, forming a ledge as shown Cross-sections 
B and C typify ordinary conditions where the escarpment is high 
and the talus slope from 200 to 300 m wide, bordered by a more 
or less mesio forest at the foot At D k shown a stage where the 
top has been rounded off to such an extent that xeric tree species, 
such as red and white pine, are able to gain a footing The latter 
is usually more abundant under the brow at the cliff, where it is 
more or leas sheltered The former ie found in the more exposed 
Situations, being the first to creep over the top when conditions 
become favorable Stages B t C and D may all be seen in Section 14 
Cross-sections B and F represent stages at a low point in the range, 
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such a 0 la shown in Plate XIV, Figure 2, preceding the formation 
of a BaddJe Here the talus elope ub much reduoed and the foreet 
pushes well up toward the summit, even though the latter may 
still remain xeric 

II Sucoessional Relations 
1 Xerarch successions on the first range 

An ecological survey of the vegetation involves an examination 
of the environmental factors and plant successions (1) at the sum¬ 
mit, (2) along the escarpment, (3) on the talus dope, and (4) below 
the talus slope 

a) Summit of the range 
(1) Leological factors 

In general, the forested area of the north slope may fall short 
of reaching the orest of the ridge, as shown in figure 8 F, or may 
reach slightly over the summit, as at E From this point to the 
brink of the precipitous cliff, which averages from 20 to 40 m , 
there is usually a large amount of bare rock surface Where the 
soil has accumulated, it is of very Blight depth There seem to be 
two principal reasons for this condition, both due to the presence 
of the escarpment (I) the soil from rock disintegration is 
washed over the south side of the crest nearly as fast as it is 
formed, (2) the escarpment itself forms an effectual barrier to 
the encroachment of the mesic forest below This zone of bare 
or nearly bare rock surface therefore remains unprotected Its 
exposed situation makes it especially susceptible to the dynamics 
of weathering, including the frost of winter, the heat of summer, 
full exposure to rain apd to all winds from the south A portion 
of the soil washed over the crest accumulates in a narrow strip 
along the top of the talus slope The rest is gradually washed 
down through the talus, finally reaching the forested area at its 
foot On the other hand, soil found north of the crest is soon 
checked in its desoent by the forest A certain amount of it 
collects in depressions and irregularities of the rock surface and 
along the edges of joint planes, affording a foothold for crevioe 
plants and matted vegetation 
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(2) The plant associes 

The pioneer stages at the summit consist of lichens and mosses 
on the bs.ro rock surface and on the ground Among the commoner 
crustoee lichens appear such forms as Lecanora ctnerea, Rhizocarpon 
petraeum and Placodium aurellum Following these come fohose 
species, of which Parmeha conspersa (Lhrh) Ach is the most 
conspicuous and covers a large proportion of the rock surface, 
Phyecia obscura (Ehrh ) Nyl , Lecanora garovaght and Gyrophora 
hyperborea Ach are less common Where a slight amount of soil 
has accumulated on the rock surfaces, frutioose types appear, 
common species being Cladonia rangiferina (L) Web, Cladoma 
sylvahea (L ) Hoffm and S tereocaulon patchale (L ) Fr 

Associated with the lichens in the pioneer rock associes are 
moss species, such as Gnmmia apocarpa, Polytnckum pihferum 
Schrcb and Tortella iortuosa (L ) Limpr , the two latter being the 
commonest One of the early mat-formers is Selagmella rupcatrie 
(L) Spreng , which often covers large areas on the rock surface 
It is not uncommon to find superposed upon the mat the two 
common mosses already mentioned The Selagmella mat becomes 
nearly 1 dm thick in places, living plants grow on the dead mat 
of former generations This paves the way for horb&coous plants 
(PI XV), such as Danlhonia sptcaia (L) Beauv (wild oat grass), 
PotentiUa truUntata Ait (three-toothed cinquefoil), and even for 
woody species, such as the bear berry (Ardostaphyloa Uva~ur*i 
(L) Spreng) and stunted specimens (2-4 dm high) of staghorn 
sumac (Rhus typhina L ) The roots of the latter creep over the 
rock surface for several decimeters until finally they may become 
anchored in a crevice Arctostaphylos is especially well adapted 
to the severe conditions found on these rock surfaces Often it 
occurs in large patches, thus aiding in the retention of more soil 
and the conservation of soil moisture Large angular depressions 
m the rock surface may occasionally be found where enough mois¬ 
ture is retained to support even shrubby growth without being 
definitely anchored in a crevice Such a case was illustrated by 
a low specimen (2-3 dm high) of Now Jersey tea (Ceanolhus 
ammeanus L), which had adapted itself completely to the 
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shape of the depression, but could be pulled out bodily as a 
dense mat 

Much of the rock at the bare summit is more or less porous 
in texture, rock fragments are numerous but irregular Joint and 
bedding planes are not so distinctly marked as on the face of the 
escarpment Whenever a crevice occurs, however, soil readily 
collects and a number of plants gain a footing The summer 
flora is practically a xeric one, the occurrence of certain vernal 
species, however, indicates that during the spring there is a com¬ 
paratively large amount of moisture on the ndge, due in part, 
probably, to the meltmg snow Of the crevice plants, Danthoma 
spuxUa , already mentioned, is one of the more important, on ac¬ 
count of its abundance and its densely tufted habit of growth 
Other noteworthy crevioe plants are Sohdago randit Britton var 
morUtcda Porter, PotenltUa truknlaia , Ariemma caudala Mlchx, 
Woodeia ilvensia (L ) R Br , Campanula roiundtfoha L. (harebell), 
Viola arenana DC (sand violet), Aqutlegxa canadensu L (wild 
columbine), Pamcum depauperatum Muhl and Pamcum meridio¬ 
nal* Ashe 

Whore a small amount of dry soil has accumulated, the follow¬ 
ing species oocur A ntennana neodunca Greene (everlasting), Leckea 
Btncla Leggett (pinweed), Panicum xanthophyium Gray, Saiureja 
pulgani (L) Fritsch (basil), Aretha hitptda Vent (bristly sarsa¬ 
parilla), Apocynum androwwmifohum L (spreading dogbane), 
Eptgaea repens L (trailing arbutus), Hieracium scabrum Michx 
(hawkweed), Eptlobium angusitfohum L, Aster macropkyUus L, 
Cory dolts eempemrens (L ) Pera, Cerasttum arvense L, Fragarta 
veeca L var amenoana Porter and Carex adueta Boott 

It will be noted that these are perennial species A few annuals 
oocur, such as Stlene anltrrhtna L (sleepy catch fly), Ertgeron cono- 
deneu L (horse-weed) and Polygonum Douglasn Greene These 
annuals lead a precarious existence, as their seeds must, in the 
mam, be washed over the cUff each year The distribution of the 
herbaceous species already listed varies considerably from one 
point of the ridge to another Their presence results in the accu¬ 
mulation of humus, especially in depressions or in oonneotion with 
dead mats of Selaginella 
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Accompanying the herbaceous vegetation are a few species of 
low shrubs, the commonest of which are species of blueberry 
(Vocctmutn pennsylvamcum Lam var anguuttfohum (Ait) Gray) 
and Vaccinium nigrum Bntton These often form large patches 
slightly back of the summit, where more soil has accumulated 
Other species found along the summit are Juntperus communis 
L var montana Ait, Rosa aaculans Lmdl, Salix humih$ Marsh , 
DtertnUa Lontcera Mill, Shepherdia canadensis (L) Nutt and 
stunted specimens of shadbuah ( Amdanchier canadensis (L) 
Medic) 

A few dwarfed specimens of white pine (Pinus Strobus) are 
scattered along the summit, but tho species is much more common 
over the crest of the ridge (PI XIV, Fig 1), where it receives more 
shelter and moisture The gray pine ( Pinus Banksiana Lamb ) 
was noticed at only one point 

The limit of forest growth is bordered by a very distinct transi¬ 
tional Bone ail along the summit The general character of this 
is shown in Plate XVI, but it varies a great deal in composition 
at different points of tho ridge, approaching more raesic conditions 
at lower elevations Gnarled and stunted specimens of red oak 
(Quercut rubra L) are mingled with aspen (Populus tremulotdes 
Michx ) and white birch (Belula alba L var papynfera (Marsh ) 
Spach), the latter sometimes appears in almost pure stands 

(3) Quadrat studies 

A detailed study of tho transitional zone was made at a point 
in Section 14, just west of the saddle (see Map 2) This is typical 
of most of the ridge Beginning at the area of bare rock surface 
shown in Plate XVII, situated approximately 25 m back from the 
face of the cliff, a series of four quadrate was taken in succession, 
the last of which was in the mesic forest (Fig 9) These quadrats 
were 10 m square, making tho total width of the transitional zone 
40 m at this point 

Quadrat 4 (Fig 10) — This was taken to include a portion of 
the rock surface (PI XVII), as well as the marginal tree growth 
There the soil was thin and dry, with the ground sloping gently 
toward the south. Several small red pines (Pmus rcsinosa ) repre- 
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sented the typical tree growth They stood comparatively close, 
with small dead ones intermingled Amongst the red pmes were 
a few small white pines and balsams Aster macrophyllus L formed 
a largo proportion of the ground cover Besides this there were 
several other species already mentioned as typical of exposed por¬ 
tions of the ridge, such as Salix humihs, Vaccimum spp , Artemisig. 
caudata t etc 

Quadrat 5 —This typified the zone of scrubby rod oaks 
(PI XVIII), a characteristic belt very often following the coni¬ 
fers The oak growth consisted mostly of sprouts (up to 3 m high) 
coming from old root crowns in very shallow soil This quadrat 
was just north of the crest, so that the surface sloped gently 


for*** 

rr*rth 


Fio 9 Tranaition to meac fore*! (maple climax), top of ridge, at 
a point in Section 14, T 51 N , R 43 W , we description of 
Quadrat* 4 and 6 

toward the north The conditions, however, were still xeric, as 
indicated by the presence of such plants os Aralia hispida, Dan - 
thoma sptcala and large patches of Funarta hygrometnea There 
were also a few scattered seedlings of aspen, whitt birch and sugar 
maple There were some evidences of burning on this quadrat, 
so that conditions might not have been entirely typical b unana 
hygromeirtca was found to be very common in burned areas over 
various parts of the region In general the oak sprouts seem to be 
the ecological equivalent of red pine The ground cover was much 
the same as in the preceding quadrat, with the exception of Poly¬ 
gonum dumetorum, a very ootnmon species along the edge of the 
raesio forest 

Quadrat 0 — This represents a transitional stage from quad¬ 
rat 5, in which the oak constituent has reached a higher stage of 
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Fio 10 Quadrat* 4 and 6, w« Plato XVII and 
text as -* Ac*r tacehanlm, a vp ■■ Ameton- 
cfcwr M — B«tula t%doo> ca — Camoifau 
om^rtcoatti, ov - OtJrya wyttWana, pr - 
rtofooM, pi - fV/ndw trtmuMiM, 
qr - Qutrcw# rvt>ra, rt - SaUx hwmh* 
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development, the individuals attain a height of from 7 to 10 m , 
with much leas sprouting, though still indicating somewhat un¬ 
favorable conditions The prosenoo of red maple and numerous 
sugar maple In the northern half of the quadrat indioated the 
transition to the mesic maple forest 

Quadrat 7 —The striking feature of this quadrat was the 
dominance (in numbers) of sugar maple saplings 5-10 cm in 
diameter Intermingled with these were well-developed speci¬ 
mens of red oak (up to 15 m or more high), hop hornbeam ( Osirya 
virgxniana) and yellow birch (Betrda lutea) 

Following quadrat 7, the maples gradually increase in rise, 
often accompanied by basswood and a thick growth of red-berried 
elder ($am&uci« racemoea) , the latter disappears or becomes less 
frequent m the denser shade of the mesic forest farther down the 
slope Along the upper limit of the maple forest, it is not uncom¬ 
mon to see the flat, upturned root-systems of trees, especially 
maples, which have adapted themselves to a layer of soil not over 
1 dm thick over the rock surface This area is more or less subject 
to windfalls, apparently not because the velocity of the wind is 
groater here tban nearer the summit, but because it forms a critical 
line between the low types of trees which spread their roots out 
through the shallow soil, with crevice connections m many places, 
and the taller types which owe their increased aise to a deeper, 
richer soil, but which offer a greater leverage to the force of the 
wind 

This description of the transition from rocky summit to mesio 
forest applies in general to the higher portions of the range Varia¬ 
tions naturally occur, depending on the elevation, exposure, local 
topography and depth of soil 

b) The escarpment and its aesocies 

The height of the rock face or escarpment vanes at different 
points along the range, as shown in Plate XIV, Figure 1, and Plate 
XXIII, Figure 2 The upper portion may be vertical or nearly 
so The lower portion curves around to moet the talus slope, 
which is very steep at the top, or there may be a series of lower 
escarpments with shorter talus slopes between, as shown at the left 
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in Plate XIV, Figure I Owing to the dip of the strata, the face 
of the cliff is always very uneven, and the soams of the rock, on 
account of the direction of dip, often retain a sufficient degree of 
moisture to support the more xcric types The unusual severity 
of the situation, so far as vegetation is concerned, is due to the 
oontinual splitting off of rock fragments from the parent rock 

The cliff is often broken by ledges, owing to different resistances 
of the various kinds of rock to weathering, these may vary m 
width from a few decimeters to several meters, with corresponding 
accumulations of soil On the vertical rock faces a few species of 
lichens may be found, such as Leaded lucida Ach , Gyrophora veiled 
(L ) Ach and Amphiloma lanugtnomm (Hoffm ) Nyl The vertical 
face of sandstone represented in Figure 8 A is marked by bands 
of the yellow lichen, Placodtum elegans Where ledges overhang, 
as shown in Plate XIX, the conditions are moister on account of 
the shade Ampfuloma lanugxnoaum and the leafy Liverwort, 
Radula complanala , are usually abundant, also various folios© 
and frutioose lichens, such os Physaa ebsewra (Schaer) Nyl, 
Parmeha caperata (L ) Ach , Ramalina cahcan* (L ) Fr and Gyro- 
phora vdlea (L ) Ach In the crevices of such ledges occur two 
characteristic fern species, namely, Polypodium vulgare L and 
Woodsia iberms (L ) E Br 

The flora of the exposed lodges is extremely variable On the 
smaller, newer ledges a few lichen species, such as Leaded lactea 
(I lot) Schaer and Parmeha conspersa (Ehrh ) Ach , may gain a 
footing On larger ledges the higher plants are usually well repre¬ 
sented, from small herbaceous species to trees whose roots are 
anchored in some of the bigger crevices (PI XX) Typical species 
are shown in the plate Among others may be mentioned PotenUUa 
tridentota, Parhcum xanthophyaum, Ccanoihus amencanus, Rubue 
partnflorus , A melanchter canaden*ie r Polyattchum LonchtUe, Thuga 
occidentahe and Juniperus communia L var montana Ait 

When there is a marked difference in rate of weathering be¬ 
tween the sandstone and trap, a broad ledge 10-15 m across may 
be formed (Fig 8 A) On account of the greater deposit of soil 
and consequent storage of moisture, the conditions here are 
much more stable Such an area may develop a comparatively 
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thick stand of pine that thrives under the protection of the 
cliff 

'the destiny of the escarpment is the condition soen where at 
present saddles cross the range Cutting at the top and face and 
filling at the bottom will continue until the lines of cut and fill 
meet Invasion of mewc types will be principally from below, 
the summit will hold out longest against the final meaic forest 
Plate XXI, Figure 1, shows a Btage approaching such a condition 

c) The talus slope 

In general the width of the talus slope dept nda on the height 
of the escarpment, especially where the latter is not broken by 
large ledges When the face of the cliff is low, the band of talus 
is comparatively narrow, for here the rock fragments from above 
do not come in sufficient numbers to prevent invasion of the forest 
below Where the cliff is high, many of the larger fragments may 
roll 200 or 300 m , effectively checking the growth of the forest 
beyond this point The resulting area is desolate in appearance 
(PI XXI, Fig 2), since very little vegetation gains a foothold 
except near the top and bottom 

Where the cliff is principally sandstone, the rock fragments 
are smaller and more flattened than where trap predominates 
In the former case soil apparently collects more quickly and vege¬ 
tation makes a more rapid invasion As pointed out before, there 
are two points on the talus where soil first begins to accumulate, 
namely, the bottom of the slope along the margin of the forest 
and the very top — at the foot of the escarpment Most of that 
at the top is due to fine material which is washed over from the 
Summit and held in place This finer soil, coupled with the shadier 
conditions directly under the chff, gives rise to a narrow strip of 
vegetation composed of a complex of species, some pioneer and 
some more or less mesic in character Among the more important 
of these are ftnus Strobus, Pmus restnosa, Qurrcua rubra , Prunus 
pennsylvama t Poputus tremulmdes , Ceanothus amencanus , P seder a 
qutnquefolta, Rhus Tamcodendron, Cornu# circinuia, Rhus typhina, 
Celastrus scandens , Ostrya vtrgtmana t Arctostaphylos Uvourst and 
Symphortcarpos raeemotus Michx var pauctflorus Robbins This 
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plant assemblage, especially as regard* the more medc species, is 
only temporary, for, as the cliff recede*, the vegetation must recede 
with it A* the height of the cliff becomes less, the increased tight 
and lessened degree of moisture make conditions intolerant for 
the more medc specios Finally, with the disappearance of the 
escarpment, only xeric species are able to endure, such as occur 
on the more exposed portions of the smaller talus dopes 

The border of the forest forms a tendon line at the bottom of 
the talus Conditions for growth here are more favorable, not 
only on account of soil accumulation, but on account of the partial 
shade Again, the pioneer species consist of lichens, which become 
more abundant here than higher up on the more exposed portions 
of the slope By far the most conspicuous is Parmcha conspersa, 
which covers the top of nearly every fragment of rock (PI XXU) 
The humus derived from this species paves the way for fruticose 
forms, such as Cladonxa rangifenna (L) Web , Ciadonta eyhxtixca 
(L) Hoffm and Ciadonta pyxtdata (L) Hoffm Following the 
lichens or sometimes closely associated with them are three species 
of mosses, namely, Thuidium aheitnum (L) Br A Bch , Hedmgta 
albicans (Web ) Lindb and Ceratadon purpureus (I#) Brid The 
two fern species already mentioned, Pclypodtum vulgar e and 
Woodsia tlvensis t follow the lichens and moesee They are very 
common along the bottom of the talus dope, where they send their 
roots down between the slabs. An early stage of the made forest 
may then follow directly, as shown in Plato XXI, Figure 2, where the 
talus is fringed by white birch The conspicuous omisdon of the 
usual mat stage here is due to the ability of the white birch to 
invade the talus before almost any other woody form Clumping 
specimens with several stems often occur on the bore talus and 
send their roots far down between the fragments. In Buck cases 
they form nuclei for other pioneer species. Poptdus tremuUndcs 
and PoptUus grandidentala are the pioneers along some parts of 
the forest front 

As the cliff wean down and the talus elope becomes proportion¬ 
ately narrower, invasion from both the bottom and top Is acceler¬ 
ated (PI XXIII, Fig 1) This Is partially due to the fact 
that leas new talus is put down, a condition that allows the forces 
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of weathering to establish a residual soil in which many species 
soon anchor themselves One of the most efficient of these is 
Panicum kneanfohum Scribn Evidence seems to show that it 
starts almost entirely by seeds from above The warm nature of 
the talus soil, coupled with its moist condition during the early 
part of the season, must produce favorable conditions for germina¬ 
tion of the many seeds which undoubtedly find lodgment there 
Probably a very small percentage of the seedlings are able to 
endure the very dry conditions which obtain during the summer 
Other species of grass, such as Danthonxa spicata , Oryzopsu juncea 
and Orytopsis aspen folia, also come in early Arctostaphylos Uva* 
vm and Aster macrophyllue L form mats over the bare fragments, 
the latter plant is more prominent as conditions become shadier 
Its large leaves form a very effective mosaic 1-2 dm above the 
surface and enable more raesic species to start Associated with 
these in varying proportions are the brake ( Ptens acquthna L), 
the salmonberry (Rubus parmflorus Nutt) and the bush honey¬ 
suckle (DxernUa Lonvcera Mill), the last plant is often very com¬ 
mon on the upper, dryer portions of the slope 

The pioneer tree growth consists of small scattered individuals 
If white birch be the pioneer species, whieh seems not always to 
be the case, it is soon followed by the poplar species already men¬ 
tioned and by scrubby specimens of red oak Besides many 
seedlings of the species named, several other woody species appear 
more or less during the early stages of invasion, such as hop horn¬ 
beam ( Oelrya tnrgtntana (Mill) K Koch ), arrow-wood (Viburnum 
dentatum L), chokecherry ( Prunus vtrgimana L), buffalo-berry 
(SKepherdia canadensis (L) Nutt), Rubus procumbens Muhl, 
Rosa aciculans LindL and seedlings of basswood, white ash and 
sugar maple 

Early herbaceous species, as such, hardly form a definite stage 
in tiie succession in the sense of paving the way for woody growth 
They may precede or accompany it, but are later controlled by 
reaction Among the oommoner species may be mentioned Enge- 
ron canadensis L (horseweed), Stlene anitrrhina L (sleepy catch- 
fly), SaJtwrsja vulgaris (L) Fritsch (basil), Aralia hisptda Vent 
(bristly sarsaparilla), Convolvulus spiihamaeus L (erect bindweed), 
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Cwrtx adusia Boott, Antennarxa neodunca Greene (everlasting), 
Fragana vesca L var amencana Porter (wild strawberry), Epilo- 
bxum anguslxfolmm L (fireweed), Adlumxa fungosa (Ait) Greene 
(climbing fumitory), Apocynum androsaemt/oltum L (spreading 
dogbane) and Campanula roiundifoha L (harebell) 

The sequence of the invading associations vanes greatly at 
different points along the range While Belula alba var papynfera 
is the dominant pioneer tree species at some points, at others it 
is Pop ulus tremulotdes or Pop ulus grandxdentata The exact eco¬ 
logical relationship between these throe species is an interesting 
problem, but it was not worked out Eventually the invading 
forest merges with the permanent fringe of forest below the talus 
The latter is often dominated by sugar maple and red oak, but 
here again considerable variation occurs, which will be considered 
later 


d) Forest below talus slope 

1 his extends in general from the flood-plain of the valley below 
to the bottom of the talus slope above, pushing up toward the 
summit or oven reaching it at low points in the range It may vary 
in width from a mere fnnge of trees as at A , Figure 8, to several 
hundred meters at F While the tree species are mainly deciduous, 
especially above, conifers often occur near the bottom These in¬ 
clude white and ml pine, balsam, arbor vitae, white spruce and 
hemlock In fact, the last-named species sometimes forms groves 
of large treeB, similar to the climax forest of the north slope 

A transect of the forested area was made at a point just east 
of the saddle in Section 14 Near the top, the talus slope was 
being rapidly invaded by small oaks and aspenB, as shown in 
Plato XXI11, Figure 1, Populus grandtdenlala being the dominant 
speoies, intermingled with scattering white birch and maple sap¬ 
lings A little farther down, the open spaces became fewer and 
the trees taller (up to 16 m ), gradually forming a canopy above 
and giving perceptibly shadier conditions The soil contained 
more humus, derived largely from the leaves of the aspens Here 
patches of Aster macrophyUus and Arab a nudicaulis formed a 
large proportion of the ground cover Occasional small specimens 
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of white a«h f balsam, hop hornbeam and basswood were noted as 
invaders at this stage. The unfavorable conditions for anchorage 
produce remarkable clumping of the steins in certain species, 
especially in the sapling stage of the hop hornbeam, sugar maple 
and red oak Nine stems were counted in one specimen of hop 
hornbeam Basswood overcomes the difficulty by excessive sprout¬ 
ing Approximately half-way down the slope a, bench occurred, 
15-30 m wide and nearly level A striking feature here was the 
appearance of rather large conifers, including specimens of white 
pine (up to 5 dm in diameter), balsam, white epruoe and arbor 
vitae Poplar as the dominant species was replaced by red oak 
and white birch More mosio conditions were indicated by the 
presence of such species as Smtlactna racemosa (L) Desf (false 
spikenard), Galium inflorum Michx (sweet-scented bedstraw), 
Hepaiica triloba Chaix (liver-leaf), Maianihemum canadense Desf 
(false Hly-of-the-valley), Slreptopus roseus Michx (twisted-stalk) 
and MitchcUa repens L (partridge-berry) Gradually the oaks 
were replaced by the sugar maple, which became the dominant 
species to the edge of the flood-plain, with white pine still frequent 
as a subdominant At the edge of the forest bordering the flood- 
plain, the increased light and moisture conditions produce a 
marked change in the ground cover, with a great diversity of 
species coming in Seedlings of aspen (Populus tremuloides) and 
ho«el (Corylus rosirala) seem to be responses to the increased light 
The frequent occurrence of wild black cherry ( Prunus serottna) 
along the margin of the forest is undoubtedly a response to the 
same conditions Groves of aspen saplings mixed with white 
birch are not uncommon (PI XXIV) The appearance of many 
other woody species is due more to the increased moisture along 
the margin of the flood-plain Among these may be mentioned 
FraztnUe nigra Marsh (black ash), Sahx discolor Muhl (glaucous 
willow), Viburnum Opulus L var amencanum (Mill) Alton 
(cranberry-tree), Atnus incana (L) Moench (speckled alder), 
Acer rubrum L. (red maple), Spiraea salicifoUa L (meadow-sweet) 
and Comas tiolomfera Michx (red-osier dogwood) 

The complex of forest and flood-plain species is extremely 
variable in its composition. This may be explained partly by 
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the very unstable conditions in the valley and partly by changes 
in the edaphlc conditions produced by gullying down the side of 
the range, with the consequent deposition of new soil near the 
bottom of the slope A noteworthy instance of the latter con* 
dition occurs opposite the saddle in Section 14 (Pi XXV, Fig 1) 
Gullying in this case is due to tbo increased drainage over the 
saddle, resulting mainly from the melting snow in the spring In 
the summer its upper portion at least may be dry 

2 Hydrarch successions in the valley of Carp River 

As before indicated, the mesic forest below the talus slope is 
bordered by Carp River or its flood-plain This flood-plain is 
comparatively broad in the vicinity of the lake, owing to the flat 
nature of the valley At this point the nver is a sluggish, meander¬ 
ing stream 20-40 m wide, which doeB very little vertical cutting, 
but shifts its course from time to time Carp Lake is merely a 
broadened part of the river According to Wright (30), the valley 
resulted not from the erosive action of a former nver but from the 
pounding action of the waves on the shores of a vanished lake 
which covered the area The present floor of the valley is subject 
to penodical flooding, in which a certain amount of sediment and 
dlbris from higher levels is laid down There is thus a lack of 
stabilisation in the edaphic conditions which prevents the en¬ 
croachment of the mesic forest The hue of demarcation between 
forest and flood-plain Is usually very abrupt, as shown in Plate 
XXIV Flooding has the effect of producing irregularities and 
telescoping in the hydrarch successions paralleling the river, so 
that these successions are evidently not playing a prominent part 
In the formation of the forest There are a few points along the 
range, however, where transitional bog forests may be found One 
occurs between Sections 13 and IS, T 51 N (PI XXV, Fig 2) 
This is near the mouth of a drainage system coming directly from 
the ridge This forest is quite limited in extent Its interest Ues 
in the suggestion it gives as to the character of the bog forest, 
which will eventually precede the meaio forest as the latter claims 
the entire valley The typical tree species are arbor vitae, white 
spruce, balsam, tamarack and black ash The forest floor is rough 
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and often covered with a mam of shrub*, fallen logs and herbaceous 
growth. The soil is typical muck of a fine texture In July the 
water-table was approximately 3 dm below the surface Charac¬ 
teristic herbaceous plants are Araha nudicauh *, Aster macro- 
phyUue, Oakum asprellum Miohx , Atptdtum crutatum (L) Sw , 
CUntama boreah* (Ait) Raf, Ctrawo alpina L, Core* Uptake 
Wahlenb and Habenana hyptrborea (L)R Br 

The hydrarch successions of the river and flood-plain contain 
many of the elements of typical peat bog areas such as described 
by t)avis (12) for the Upper Peninsula On the other hand, there 
(s a lack of definiteness in the sequence of the associations, and 
the sphagnum element, with its accompanying vegetation, is not 
at all common The latter condition is due to the influx of fresh 
water during at least a portion of the year A year of unusually 
high flood may destroy the continuity of vegetational development 
along certain lines This is well attested near the intake of Carp 
Lake by the dead and dying trunks of small black ash trees 
Periods of excessive flooding may be measured approximately by 
the oldest of these After such periods of high water, pioneer 
species again come in and initiate a new oourse of succession A 
patchwork results, which is especially evident in the Bhrubby vege¬ 
tation This patchwork is further modified by the varying ability 
of the different species to withstand the presenoe of excessive 
water about their roots The shorter-lived herbaceous forms often 
show more definite sonation, especially along such restricted areas 
as mud flats or sandy beaches bordering the river or lake They 
are able to adapt themselves more readily to changing conditions 

In order to illustrate the tendency of the hydrarch successions 
in the valley, the associations found in the river, lake and flood- 
plain will be briefly described 

a) Carp River (PI XXVI) 

Where this stream flows through the flood-plain it Is compara¬ 
tively shallow with a muddy bottom The slow-moving current 
make* the ecological conditions very similar to those found along 
the margins of many of the smaller lakes in the Upper Peninsula 
Among the immersed aquatics may be mentioned Potamogskn 
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pusiUue L, Potamogeion heterophyllue Schreb , Potamogdon tot- 
tenfohu* Schumacher, Poiamogeion amphfohus Tuokerm, Poto 
mogeton natans L, Myrxophyllum FarwtUu Morong, Ranunculus 
aquatths L var captUaceu* DC , Htppurut vulgaris L 

The commonest large aquatic la Nymphasa advtna Ait (yellow 
pond lily), it sometimes forms patches extending half-way across 
the stream Castaha tuberosa (Paine) Greene (white water lily) is 
much less common, though it occasionally occurs in large patches, 
the same thing may be said of the water shield (Brasenia Schreberx 
Gmel) In many places the stream is fringed with overhanging 
shrubs, as shown in Plate XXVIII, Figure 1 Mud banks, which 
often occur at the bonds, support various aquatic or amphibious 
species, such as Potcntilla palustns (L ) Scop (marsh cinquefoil), 
Spargamum eurycarpum Engelm (bur-reed), Ekochana acicutarts 
(L ) R AS, Carex fihforms Good (bog sedge) and Carex stneia 
Lam The last two species form clumps at various points along 
the bank and thus enable other species to obtain a footing 

The shrubby growth along the banks consists principally of the 
following Alnua tncam (L ) Moench (hoary alder), Ilex verticil* 
lata (L ) A Gray (win ter berry), Cornua sldontfera Michx (red-osier 
dogwood), Chamaedaphns cdlyculata (L) Moench (leather-leaf), 
Spiraea sahafoha Roi (meadow-sweet), Saltx petiolans J E 
Smith, Sahx pediceUans Pursh (bog willow) and Saltx lutoda Muhl 
(shining willow) Two fern species, namely, Ormunda regain L 
and Asptdtum Thdyptens (L) Sw, often occur at the margin of 
the water, more or less shaded by the shrubs Chcmaedapkne 
calyeulata , though not the commonest shrub lining the river bank, 
is probably the most important in the formation of floating mats, 
which often start from sedge hummocks One effect of these 
floating mats is to cut off quieter bodies of water where various 
aquatic and amphibious species are more successful in establish¬ 
ing themselves 

One thing seems clear in connection with the successions along 
the margin of the river, namely, their instability Even when 
Carp Lake, as such, is gone, the river will still continue, though 
not in its present bed, as the bottom of the valley will have been 
raised through sedimentation 
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b) Carp Lake 

Carp Lake (PI II, Fig 1) lies parallel to the main ndges, cover¬ 
ing the floor of the valley for a distance of about 2 km Its broad¬ 
est portion is near the oast end (PI XXVIII, Fig 2), where it has 
a width of approximately 0 5 km Except at this end, the raesic 
forest extends nearly to the water’s edge At the east end a broad 
delta has been formed where Carp River enters the lake (PI 
XXVII) The submerged part extends well out into the lake, 
being several hundred meters broad at its widest portion (PI 
XXVIII, Fig 2) Here the water is shallow, varying from 3 to 
10 dm m depth The west end of the lake is also shallow, and 
choked with aquatic growth aud debris, especially near the outlet 
In general the beaches are very narrow Most of those on the 
north side are of the shingle type In places they are entirely 
lacking and the shore-lino is directly bordered by a fringe of shrubs 
similar to those along the bank of the river Sandy beaches occur 
on the south side and near the west end on the north side They 
are broader than the gravel beaches and show more clearly the 
zonal development of vegetation The edaphic conditions are 
naturally more stable around the margin of the lake than along 
the river Especially is this true on the south side where deposition 
is occurring more rapidly than on the north 

The free-floating aquatic vegetation of the lake, being very 
similar to that of the nver, need not be mentioned The best 
evidences of plant succession are seen on the flat sandy beaches 
and on muddy flats near the delta At the delta there is a zone of 
rushes extending from 50 to 100 m out into the lake Its outer 
part consists of the bulrush (Scirpus occidenlalts (Wats) Chase), 
then oomos a zone of Equisetum jluviatile L (pipes) covering a 
large area The inner portion of the zone consists of a mixture of 
Gtycena boreahs (Nash) Batchelder (northern manna grass), Leer 
eta oryzendea (L ) Sw (rice outgrass), and along tho muddy shore 
Ehocharu paXusiru (L ) R* & S , A cotub Calamus L (sweet flag), 
Duhchtum amndinaceum (L) Bntton, Polygonum amphibium L 
(water smartweed), Glycma canadensis (Miohx) Trin (rattlesnake 
grass), Sctrpus atrovtrens Muhl, Eleochans obtusa (Willd ) Schultes 
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(blunt spike-ruBh) and SagiUana latifolia L forma gracilis (Pureh) 
Robinson, apparently the common form in northern Michigan 
The immediate shore is fringed with clumps of Saltx luctda, inter¬ 
spersed with open areas covered with Calamagrostis canadensis 
(Michx) Beauv (bluejoint) Logs lying almost concealed tell 
the story of flooding at this point, this is also shown by standing 
specimens of Alnus ineana and Saltx petiolans, dead above, but 
making vigorous new growths at the base 

In the shallow water bordering the sandy beaches the rushes 
are often accompanied by areas of pipewort (Eriocaulon articula- 
tum (Huds) Morong) This may produce unusually long stems 
when growing with Scirpua occtdenlalis Among the commoner 
species occurring on the sandy beaches are the following Juncus 
bremcaudatus (Engelm ) ternald, Hypericum eUipticum Hook (pale 
St John's-wort), Cladium manscotdcs Torr (twig-rush), Ranun¬ 
culus Flammula L (smaller spearwort), Mimulus nngens L (mon¬ 
key flower), Sium cicuiaefohum Schrank (water parsnip), Agrostxs 
hyemahs (Walt) BSP (hair grass), Car ex mmla Lam , Carex 
rostrata Stokes and Carex Oedert Rets Both the sandy and 
gravelly beaches are very often backed by a slirubby association 
composed of Ckamaedaphne calyculata, Ilex veriiaUata and Alnus 
tncana With these often occur Spiraea sahufolia and Fraxtnus 
nigra, which fringe the mesic forest 

It is evident from the fort going description that the transition 
from lake to mesic forest is rather abrupt, this is especially true 
on the north side of the lake, where the angle of slope is greatest 
The few associations noted along the narrow beaches consist of 
plants which are able to endure submergence for brief periods The 
shrubby growth backing the beaches, though only a little above 
the mean level of the lake, is high enough to escape most of the 
destructive influences of high water 

c) Flood-plain 

On account of the varying influences to which the flood-plain 
is subjected, the successions are not, in general, well marked In 
the broader portions of the valley, as m Section 24, T 51 N , 
R 43 W , there is a dense growth of Alnus tncana , intermingled 
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with occasional individuals of tamarack In the northwest corner 
of this section there is a small “ tamarack swamp” forming a typi¬ 
cal stage in the filling up of a peat bog The ecological stages of 
Buch a bog have been well described by Transeau (27), Cooper 
(6) and others and will not bo treated here In Sections 23 and 14, 
immediately east of the lake, the flood-plain is covered by a grassy 
marsh (PI XXIV), with a shrubby zone lining the river, os already 
described The flora of this area is very composite in character 
Portions of it are dominated by a dense growth of bluejomt (Cala- 
magrostu canadensis ) The species observed here include the fol¬ 
lowing Aacleptas incarnata L , Verbena hastata L , Aster punxeeus 
L , Eupatorium purpureum I , Scirpus Cypertnus (I<) Xunth, 
Osmunda regahs L , Onoclea sensibilis L , Sohdago serotma Ait, 
Anemone canadensis L, Chelone glabra L, Aspidtum Thelypleria 
(L) Sw , Plena aquihna L , Giycena canadensis (Michx ) Tnn , 
Lyaimackia terrestns (L ) BSP , Iris versicolor L, Cicuta bulbifera 
L , Scutellaria lateriflora L , Thalictrum dasycarpum Fisch & Lall , 
Galium asprcllum Michx , Geum stnetum Ait, Impaiiens btflora 
Walt, Rumex verticillatus L , Hypericum virgimcum L , Campanula 
tdiginosa Rydb , Phalaris arundinarea L , Clematis nrgintana L , 
Leersxa oryzoxdes (L ) Sw , Humvlus Lupulus L , Ranunculus penn- 
sylmnicus L f , Galium Claytoni Michx, Radicula palustns (L) 
Moench, Carex fihformis I and Carex tnbidoides Wahlt nb 

The grassy marsh described above undoubtedly occupies tho 
position of a former delta It thus represents a stage in the gradual 
filling up of the valley with sediment and organic remains 


Summary 

The ranges of the Porcupine Mountains are entirely surrounded 
by a low plain, so that the mountains were islands for some time 
after the final retreat of tho ice-sheet As the water subsided, the 
higher ranges to the south wore first uncovered Pioneer inv asion 
probably took place where the wash of the waves was not too 
severe, following stages analogous to those found in tho present 
shore-line At the present time, these southern ranges or hills, 
including Government Peak, the highest point, are clothed with 
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a mesio forest to the very top (PI II, Fig 1) This forest was 
possibly preceded by a xeric coniferous forest dominated by pine 
species, as suggested by Ruthven (1, p 27) In this case the pines 
began their invasion near the water’s edge and followed the heath- 
mat stage They made their last stand at the top of the mountains, 
being followod up and replaced by a memo forest, whose successions 
are correlated with the greater accumulation of soil near the bane 
of the slope 

The top of the first range is unique in still holding out against 
the meeic forest This is undoubtedly duo to the peculiar topog¬ 
raphy of this range As is evident from Figure 2, this topography 
is associated with the presence of Carp Lake, which onoo covered 
a much greater area than at present The dip of the strata toward 
the north, coupled with the subsidence of Carp Lake, has created 
a great cliff or escarpment, which is continually wearing away and 
producing a talus slope at its foot 

The development of vegetation over the region has led to two 
climax formations, namely, the hemlock climax and the maple 
climax 

The presence of the hemlock climax on the north slope of the 
first range seems to be conditioned by the physical factors of 
temperature, moisture and light Greater humidity and more uni¬ 
formity m temperature near the shore are due to the pnsenoo of 
a largo body of water The average temperature of points along 
the coast is several degrees warmer than inland locations a few 
miles back, and the average precipitation during the winter months 
is 30 per cent more than at Bergland, 26 km back from the shore 
Reduced light intensity at the lower, more humid, elevations on 
the north slope is probably more favorable to hemlock as com¬ 
pared with maple 

The maple climax occurs on the higher portions of the first 
range (except the summit) and on the ranges farther south As 
compared with hemlock, maple seems to be more tolerant of ex¬ 
tremes of temperature and light 

The principal succession leading to the hemlock climax is along 
the shore The pioneers in the more exposed situations are crevice 
plants In the severer situations these can initiate only very short 
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or incomplete* lines of succession Where conditions are less severe, 
which may be only a few meters farther inshore, the pioneers con¬ 
sist of lichens, mosses and crevice plants, which lead to more 
definite lines of advance, but the irregularities of the shore-line 
produce such varied conditions that there is often a lack of any 
gradual transition from lower to higher ecological forms At 
practically all points along the shore the climax forest has pushed 
down to the limit of its possible extension under present conditions, 
and this has n suited in a telescoping of the ordinary transitional 
stages 

Lines of succession leading to the maplt climax may be Been 
at the summit of the first range and in the valley of Carp River 
In the first case the. climax is reached through xerarch Berios, lo¬ 
ginning with crustose lichens and xeric mosses on the exposed rock 
surface of the summit One of the principal pioneers is S elagindla 
rupeslri8 f which often forms a layer of humus 1-2 dm thick 1 his, 
together with various low-growing species, including crevice plants 
such as Danihoma spicata and Pamcum dejxiuperatum, paves the 
way for the heath mat, which is composed largely of two species 
of Vaccimum (soo p 43) A zone of scrubby conifers and oaks 
then leads gradually to the maple climax on the north side of the 
summit 

On the south side the presence of the cliff forms a direct barrier 
to invasion from below, except where the escarpment has been 
worn down bo as to produce a saddle across the range Relow the 
escarpment there is a talus slope of varying width, fringed by a 
mesic forest that extends below to the flood-plain of Carp River 
In general, this raesic forest is young and heterogeneous in charac¬ 
ter, but it is approaching the maple climax Its upper border is 
irregular, but formB a more or less sinuous curvt representing a line 
of invasion on the talus Since the width of the talus depends on 
the height of the escarpment, the Jme of invasion extends high at 
low points in the range 

Successional continuity on the talus is more or less broken, at 
least in the earlier stages Lichens and oertain moss species are 
undoubtedly important, but Betula alba var papyri,jera a one of 
the noteworthy pioneers adapting itself to unusually severe con- 
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ditione This 18 followed sooner or later by aspens, after which 
there is a gradual transition toward the mesic climax 

As the cliff wears down, the summit of the range will eventually 
be claimed by the mesic forest At present the xerarch senes 
forms a connecting link between the maple climax in the valley 
and that on the north side of the summit 

The lower edgo of the mesic forest below the talus forms an 
abrupt border to the flood-plain of Carp River This is due to 

f or**t 

(maple chmmt) 



>io U Diagram showing Unas of vegetatiomd development leading to 
the maple climax on the first range 

periodical flooding, which produces irregularities and telescoping 
throughout the hydrarch series on the comparatively flat floor of 
the valley Any marked building up of the mesic climax from 
this source must, therefore, await a change in physiographic con¬ 
ditions along the nver valley This will come with the gradual 
filling up of the valley through sedimentation, thus changing the 
conditions under which flooding now oocurs The present succes¬ 
sions along the valley of Carp River and Carp Lake are of compara¬ 
tively little moment, they indicate, however, the character of a 
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portion of the hydrarch scries which will eventually load to a mesic 
climax covering the entire floor of the valley 

The principal zones of vegetation in connection with the de¬ 
velopment of the maple climax on the first range are shown in 
the diagram (Fig 11) The letters a, b t c t d indicate the lines of 
succession The line a begins with lichens, mosses and crevice 
plants at the bare summit and culminates in the maple forest 
on the north slope, b originates largely from seeds washing over 
the summit, c represents a line of invasion on the talus slope from 
the forest below, d is a broken line representing the discontinuous 
nature of tho hydrarch succession from the valley of Carp River 
Part of this succession leads to the mesic forest on the second 
range 

Michigan Statk Cocucqe 
East Lansing, Michigan 
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PLATE II 

Fto 1 Carp Lake from top of first range, looking south west, second and 
third range* in distance, escarpment of first range extending west- 
eouthweet (extreme right), outlet of lake at far end, Government Peak 
(highest point m the Porcupine ranges) in distance to left 

Fio 2 Extenor view of hemlock climax along a “forty" line where the 
timber has been cut, elevation about 100 meters above Lake Superior, 
two sugar maples at right large hemlock in background, salm on berry 
and three small hemlooks in foreground (see text, p 19) 
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PLATL 1! I 


vuw showing cIihIi ibution nf \tlli>w bin h (tml sugar nmpli with romfers 
n moved looking norfht ist toward f akp Supnrior i dge of forest to hft 
trees in fort ground moflth maples Not* iduindant growth nf salmon 
ht rrv jih a ground eo\er (net t* xt p l*)j 
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Intern r view of i»lhh forest about orn. kiloinrttr from shorL of 1 ake Superior 
(Stt tmn Itt 1 51 N , R 42 \\ ) hemlock dominant tree at thin point 
on hIojm a Urge yellow bin h in forogrouiul at lift portion of noun of 
sugar maple in background at right Note guitlc nIojh (toward I ake 
Suptnor) 'see text p 19) 



> V 


n aii n 





PLATI- V 

\ weth r more open portion of the forest in which the dominant large tree la 
nrlmr vitae, in foreground salmontierrv find seedlings of mnple bulntun 
and white sprue* Other tree HoedlingH observed wen jillow birch 
basswood and white ash (see Uxt p 19) 
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Stand of sugar maple Hpproximntfl\ 1(H) meters north of summit of ridge in 
Section 14 P 51 \ R 4d W inaph seedlings in foreground trees 
here sum* wind larger than t \ pual Note comparatively clear ftmst Hoor 
(stx text, p 21) 
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Fid I Seedlings of sugar m iph in homhx k forest thorn shown 15 10 
doumetera high, uppioximutclv 40 individuals per square meter (see 
Uxt p 21) 

l in 2 \ n w along to old wood ro id which litre acts ns ail artificial windfull 

d< nse growth of \oung maples (2-fi meters high) on each side of road 
auhnonl>trr\ in foreground 




Fiu 



1 r \TL MU 

fiu 1 U< tkv shorn a fen miles west of l nion Hav showing sindstonr beds 
dipping toward north edgeH of tin tilted strata offshore burning u nu ky 
terrace which break* more or less th« force of the waves Negetdion 
readily eat ibhshes itself in the joint and bedding planet* us shown Hip 
w lilt l mating on the rock surface is Hurwelia larten («ec text pp it 12) 

I*ici 2 \ irrow shingle beach in which the forest tnmts unusual! \ close to 

the w itersevlge bung protictc 1 fium I lie winfi i Htoims l>v the lc dge of 
r<wk offshore Note zone of white lurch and nr hoc vital lining the whore 
nt this point bordered hy saiinonhei r\ and ( urn us alii rmfnita bqiiisttum 
ttneiixc is growing in the shingle (we text p dl) 
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DmchatHfi'tui cneipitmtn ami \nftr hixmi growing m a t\|tual Hituatum along 
the whore Note dip of the strata arid fmgnu utal chitnirfir t>f the rink 
(m'i t<\t pp U-iii 





Hock fturfmt well above the wnah of the whvjr patched of crus tow hrhen in 
foreground Sten itcattlnn paichalt InrgL white patched Parnuhn Inc.tea 
low (lurk pat ( her* < rimmin apocnr/in Polypnhuni vufyan in erevu en near 
top of boulder (m t te\l p Hj 
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PLATt XI 

V wu.ll of conglomerate paralleling the shore and forming a protective barrier 
to the forest liehmd it , conifers and asppns growing under xi nc conditions 
nt the top The conifers include a small white pine (in the background) 
small H|K»(irmn* of wluli spruie balsam and urbor vitae all growing in 
the crevices of the rock 
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I LAT* XU 

Showing the root* of ifrhite pine running for several meters nlong the surface 
uud finally acting as an agent of riM-k displacement Small re<l pine and 
aspens border the shore m the background Ihe roots on the far side of 
the tree are covered by a mat of Arctoataphyloa i va urst (.see text p 34) 




TLATF XIII 

f io 1 Broad t>pe of shingle lieneh devoid of vegetation on net mint of the 
wiiah of the winter naug 

tin 2 North slope of first range looking west showing a ‘burn in the 
h< mlo< k forust three \ears after the hre Note angular eharaeter of 
HHiutalmit fragimut* until rlymg fort at floor tlu humus hting tompleltlv 
dent roved (see text p 35) 
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PLATE \IV 

Hu t Cliff mid talus slope first range view from a point just east of Carp 
I ake looking north Top of i lift at tins |wmt is ulmut 130 meters above 
flisir of the valley uf Carp River and 240 mott rs above I„akc Superior 
the fare of the ewarpimut hero being approximately 05 met*re high 
Note fringe of forest between talus slope and river valley (see text p IS) 

Ho 2 \ lew of cliff inSedion 15 r 51 X R 43 \V looking east In fore- 

grnmrd art shown Iasi stages of the cliff prtndmg formation of a saddle 
Soil has accumulated on the hare rock m plan» Note xene diameter of 
the vegetation (see text pp 3S 30) 





PLV1? XV 

1 mnl of forttil growth on sutmuil of ridg* looking * uni clump of hmuiII rod 
pmcs in luirkgroiinil Huh ft) luarlKrry mnt on rock m foreground lhe 
pri vjulinn wmd 1 * fiom the Houtlmont who h m inori or lens < vidi nt from 
tin nc rid direction of the. brain hoH III the Hlindl pirn^n hIiowii (me text 
pp 11 1J) 
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Portion of the summit looking east, Carp Hiver in vullev Mow (at right) 
small red pines ami stunted aspens at loft hack of wlm h a transition /one 
<M(urs ua shown in Plate Will leading t-o tht nuple climax of the 
north slope NoU pirns growing from trivuts in fsce of escarpmi nt 
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PLAT* x\n 

Close up of rock euiface urat of ndg* plintam foreground Juntfuru* 
rmnmuuiK \ar depresm Danthomn njnenta Inf/ unarm n nhotcn l otm 
tilki tntrnUUa Polygonum Dwigtaim (Luvtei right' Solulngo rtindii vir 
tnonticoUi in the background and Parmfhn conspiMa (In dominant li 
tl«n (on rix k surfaces) (see tt xt pp 41 4 1) 
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Zone of transitional (roe growth at quad nit 5 (tin 10) showing Imre rock 
surface m places and Danlhnnia apical a us the conspicuous Know Hpp< ips 
Note red pines (at right) and iwjh n« and small red oaks (at left) (nee 
text p 45} 
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Overhanging ledge of elifT shown in Figure Sh illustrating dip of the strata 
(HRiidHtom ) Various plants Rain a foothold in the moist i revues (see 
text p 4H) l’u turt taken from underm nth Uil luigf looking up 
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1 I AT* XX 

Rock lod^o on f ice of i*hi nrpment looking t wt in foreground two small white 
pines ami small specimens of Prunus pennut/lmniai fthus typhiwi and 
( omirt ctrnnata also Arctoitaphylo* Vvn urn t Artfmunn aiudaU i and 
Dunlhonia npicain ttoodma ifoenfivi and ( iimpanufa rotundifoiia growing 
from rock < rcvices, in background small red pim> and leaves of oak 
(Qmrcns ruftra) showing below Pumteltn roniptraa on rock surface above 
and tfclow 
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PLAlh XXI 

it 1 \iitt of first range looking last in section 14 voiles of ( nxp River 
i it right > Shows slam m reduc turn of unurpmcnt ami mlvmue of fori st 
up tin pIojh (see text p 40) 

to 2 Hot tom of t ilus slope immediately weBt e»f saddle m Section 14 
looking last showing charm teristie clumping habit of white bin h when 
growing ui talus angle of slnf* here about TO degrees 1 he th/T at this 
iwmit is \er\ high and the talus field 200 meters or more in width I top to 
bottom) Note lint of forest as it creeps over Kiddle icross low point of 
rwige (see text pp 40 50) 
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1 ithenn h/k) mosses on tnliifl slope (nee PI \ \I) Furm< ha rorotptrgn (thr most 
ionspicuous fohoac lichen) three spouts of ( UvUmm (lower nnht) 
( rangtftnna ( lylvattcn Hh«l ( pi/xvlatn fltiimgui nthwinn (cxtrtnn 
left I (h*h text p 60 ) 
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hn 1 \» a<i\ imed Rtam in the invasion < f th< talus ulopi showinK pumoer 

ti\e rih<u-m tonaiMing of I opulm gran iuU nhtln ind «nml! sjmm imena of 
Qmmin rnhra mil / mu* S fnibii't Note am ill xj7f* of roi k 

isnmlatom i 

til J V low of iw irpment looking north \ortn il rook fin t nhuut 70 mi lore 
hixh at thiH j joint Ik low thin 200-101) mi Ur* of I ilus material Ijung 
irmuhil hy pinm ami aspi hh Helow I la tulus slope is the front of the 
Jiilvnnnnff forut a huh slope* to the \alli v of Carp Kmr Ijelnve 
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PI ATF XXl\ 

1 »wi*r imIru <>f foil si Imnli'iinR flotwl plmn in the Imrkground Hrtuln alba 
vnr jtapitnfera Populu* lr< Tiiitlintlrg Ic^r ruhrum ( <trnu «< atolonifern 
S altx ro*trat(i inti S uhx ptliolaru InrRi trii m forcRrounii im him k n«h 
{Ftotmiuh ntf/ra) 
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Fro 1 ( ullung on south side of first iangc nftout half wav down tin 

slo|»c whip Inn h itid aspen m but kgrnnnd in fori ground small 
specimens of sugar maple an I \ellow lurch shows clumping specimens 
of hop hornbeam {Outran tirginiann uppe r right) ground < ov< r niuinlv 
< omjsiacd uf l mini nitrficault'i (sec Itvt p 54) 

l*m 2 (-talar swamp north edge of ( arp Kivi r \ alh v showing large 
sj>e<imeiiM of arbor vitae i7 tmjo occvh nUilt*) nt ir u liter of figur* in 
background \lnux mama and ( nrnux * tolftni/tra see text pp 54 55) 
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PLAT* XX\I 

Carp Rivir from summit of first runp looking east south* nst flow! plum in 
tlu distance (ovcred b> aUUr swamp 1 hi river flows west rmptMng 
into Carp 1 ukt (see text p 55) 
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Diltu mat end of Carp I uk< Ijokmic «ant ahnwiriK narrow rhtimiel *»f Carp 
River in background hr«t range in the dwtnncc showing middle in 
Sutnm 1 4 iu foreground S arpu* ncruhntalvi Fquvatum flut intil* and 
V ymphatn atiu no (npi f<.\t pp 57 58) 
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hti 1 ( arp River mar north edge of flood plain top of tirst range just 

visible in biukground (at upper right) l/riirs iiuviuu lining hank at this 
point \qimti(8 arc V ymphata <ulwna ami Sparpanmm turifcarpum 
(wati r h edge right and left) 

Jiu 2 Jvast i ml of Carp lake, looking south towird second rmgc The 
rone of rushes t Srirpus ocndrntntiH) marks the shallow water over the 
submerged portion of the drltu Tlie group of balsams along opposite 
shore induatea thi presence of a small stream (lowing into the lake 
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ADDITIONS TO AN ANNOTATED LIST OF 
THE HIGHER PLANTS OF THE REGION 
OF DOUGLAS LAKE, MICHIGAN II* 

FRANK C OATES 
Kamos Slate Agricultural College 
AND 

JOHN H EHLER8 

Untveretiy of Michigan 

''pHE collections and records of the summers of 1927, 1928 and 
1929 are the material upon which this second list of additions 
ts based During these summers Improved transportation facilities 
at the Biological Station have given the authors a better oppor¬ 
tunity to make a more thorough survey of the less accessible parts 
of Emmet and Cheboygan counties 

These records are made in the same general form employed in 
the authors* previous publications 1 on the species of higher plants 
in the region about Douglas Lake, comprising Emmet and Cheboy¬ 
gan counties A revised summary of species by region and counties 
follows the list This paper completes the authors' statement of 
the flora of the region for the time (1909-29) during which the 
Biological Station occupied the original site 

Although parts of the two counties which are not readily ac¬ 
cessible from the Station still remain unexplored, the list of the 
summer flora is now fairly complete A thorough survey of the 

* Contribution 308 from the Department of Botany and Plant Pathology 
Kantss State Agricultural College, and Paper 330 from the Department of 
Botany of the University of Michigan 

1 Gates, Frank C , and Ehlers, J H "An Annotated list of the Higher 
Plants of the Region of Douglas 1/ake, Michigan," Pap Mich Acad Sci, 
Arte and Letter*, 4 183-284, 1024 "Additions to an Annotated List of the 
Higher Plants of the Region of Douglas T<ake, Michigan " ibid ,8 111-121, 
1027 
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region during early spring and late fall would doubtless extend 
the list somewhat This the authors have not been able to ac¬ 
complish 

PLANTS H)LND IN THE REGION FOR THE FIRST TIME 
SINCE THE PREPARATION OF THE PREVIOUS 11 STS OR 
Ob WHICH THE IDENTIFICATION HAH BFEN MAPF 
fcUPSFQI LMH TO THE PUB1ICATION OF THOSE IISTS 

(At the extreme right C Cheboygan County and E -* Emmet County) 
Phylum PTERIDOPHYTA 
11 Pol ypodiactae (Fern Family) 

DiiYOPTEnm Robertiana (Iloffm )C (hr ( Phegopteris Robertiaiia 
(Hoffm ) A Br ) C 

Last part of Rees* ’s Bog, 1927 (C D La Rue) 

Phylum CALAMOPHYTA 

2 Ftiuisf taceal (Horsetail Family) 

EqUISETUM KANBANUM ScUAFFNEK E 

Railroad ballast, Little Traverse Ba>, 1925 

PgUISETtTM PJiAKALTUM Raf C 

Michigan Central Railroad near Mullet Lake, 1925 

Phylum LEPIDOPHYTA 

1 Lycopodiaceae (Club-Moss Family) 

Lycopodium complanatum L 

Near Reese's clearing, 1927 (G E Nichols), ridge between 
south tower and Camp Davis, 1929 

Phylum ANTHOPHYTA 

9 Potamogetonackae (Pondwocd Family) 

POTAMOOFION INTERIOR Rydb C 

In Nigger Creek, 1928 

10 Liliackae (Lily Family) 

Allium Schoenoprasum L C 

Cultivated in Riggsville, 1927 



Plants of the Douglas Lake Region b9 

24 Abackar 

fepIKODl LA POLYRHI7A (L ) Schleid C 

A floating aquatic in the Maple River delta, 1928 

30 ( \ PEiiAci'At (Sedge Family) 

Eleochakzs hostellata Torr E 

Marshy margin of Wycamp Lake, 1929 
Cakjx cHORDomtHiZA l^hrh C 

Mud Lake Bog, 1929 (L S 1 liltrs) 

CaREX AQUATILI8 El ATI OK Bab f 


Wet ground along the Grand Rapids and Indiana Railroad 
north of Carp Lake, 1928 


31 Poacvaj- (Grass family) 

BllOMUS lIORP^tMJS L C 

In a cottage yard, north shore of Burt Lakt, 1927 
Bkomub howhaceus ui AtmmiNS (Cass ) Shear C 

In a cottage yard, north shore of Burt I akc, 1927 
Buomuh japonicus Thunl) C 

Winter annual grass planted at the Biological Station in 
1927 Two yturs later many more individuals, but those 
smaller in size 

Eraokostib f rankii Steud F 

A weed in the null yard at Pellston, 1928 
Lolium ferenne L ( 

In a cottage yard at the north short of Burt I ako, 1927 
Loliom multikiauuim Lam ( 

In the cottage yard at the north end of Burt I ake, 1927 
koVLKRIA CRI8TA1A (L ) Pcrs C 

Grass transplanted to tin Biological Station Grounds from 
Sleeping Beal* Dune in 1927, 1928 
Panicum Bobcu Poir C 

In beech-maple fortst on Colonial Pomt, 1929 (W E Stcidt- 
mann) 

Panicum boreale Nash L 

Wot woods bordering Wycamp Lakt, 1929 
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60 Ranunculaceae (C rowfoot Family) 

Anemone quinqukfoua I i 

Herb in aspen woods west of Maple River northeast of Pell- 
ston (A Sharp) 

Ranunculus rhinb L C 

Roadside ditch north of Topinabce, 1927 
Ranuncui uh acris, double-flowered C 

Ruderal southwest of Cheboygan Presumably an (scape, 


but spreading, 1929 

85 Oxaudacfae (Wood Sorrel Family) 

OXALIS COKNICULATA L F 

In a field near Bay View, 1923 

118 Violacfae (Vioht Family) 

VlOTA PEDAlA L C 

Iwo plants set out at the Biological Station in 1926, from 
Grayling One blossomed in June , 1929 

Vioia hikhutula Brainerd C 

In rotting wood in the second-growth beech-maplo forest at 
Riggsville Corners, 1929 

Viola nkihrophilia Clreene F 

In coniferous woods at ( ceil, 1928 (G h Nichols) 

Viola arvenhih Murray C 

In a timothy field, south of JRiggsvilU, 1929 

126 Papaverac v AE 

Papavi-u Rhoeab L (Corn Poppy) J‘ 

Roadside herb, MeGulpin Point, 1929 

Capnotdes auiieum (Willd ) KunUe (Corydahs anrea Wdld ) F 
Ruderal in gravel in Big Stone Bay, 1928 


132 Bkassicacjae (Mustard Family) 

Neobeckia aqtjatica (Futon) Britton {Radinda aquahea (Faton) 
Robinson) C 

An aquatic herb in Nigger C reek Ixically abundant m this 
one station in the region, 1927 (G R La Rue) 
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Hesperis matronaub L Dame’s Rocket C 

Banks of Cheboygan River, Cheboygan, 1029 

Rakbakfa barbarea (L ) MacM (Barbarea vulgaris R Br) F 
On shore at Big Stone Bay, 1923 

133 C aryophy LLACt ae (Pink Pamily) 

Alhinl OHAMiNfA (L ) Britton (Stellaria graminea L ) Ft 1 
Ruderal (US Highway 21) near Topmabee, 1927, and in the 
Lanx-Thujn association at Hound I ake, 1923 

Vaccaria Vaccaria (L ) Bntton (Saponaria Varcana ] ) C 
Weed in the experimental bird pens, I92S (II<l*n R C <►- 
burn and Dons Dt an) 

140 Sali<a<iai- (Willow Paimly) 

Salix amygdat oidls Anders C 

Tree in roadside ditch west of C ht boygan, 1929 

Salix Candida X S dis<olok b 

A hybnd shrub at C < cil, 1927 

Salix Candida X pmik v llaius C 

Hybnd willow at Blanchard Lake, 1929 Loaves with the 
texture and color of *S Candida, hut th< kngth of 8 pedi- 
cellarie 

147 Polv oonaclal (Buckwheat family) 

Rumlx Pa rif ntia L C 

Weed near Bryant’s Hotel, 1928 (Helen R C eburn and Dons 
Dean) 

Polygonum tomentohum Schrank C 

Weed along the shore of lairy Island, 1928 (Helen R Co¬ 
burn and Dons Dean) 

148 Nyctaoinaceae (Four-o’clock Family) 

Allionia nyc’tacinfa Michx (Orybaphus nyctagineus (Michx ) 
Sweet) C 

Weed in Ballast of Michigan Central Railroad, Mackinnw 
City, 1929 
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152 PlantACUNACEA fr (Plantain Family) 

Plantago PuRsmi R & S 

Weed in timothy field near RiggsviIIe, 1929 

PLANTAGO AltlATATA Michx 

Rudcral near Mud Lake, 1929 

169 Boraginaceae (Borage Family) 

C ynoglosslm bobealf Fernald C 

Beech-maple forest on Colomal Point, 1929 

171 Solanaclae (Nightshade or Potato family) 

Lhidm halimikolium Mill C 

Near an abandoned cabin on the Topinabce Road, 1929 

172 Olfaceal 

fiiAXiNUs lancioiata Sarg (Included in F pennsylvantca in 
B & B) C 

A tree on the ice-ndgi at the base of Colomal Point near 
Maple River delta, 1928 Also north shore of Burt Lake 

176 Apocynaoae (Dogbane Family) 

Vinca minor L C 

On a roadside stone pile near RiggsviIIe, 1929 

178 ScnoPHULARiu lak (Figwort Family) 

Pentstkmon Pkntstemon (L ) Britton (P laevtgatus Aiton) 

A smglc plant in a timothy field near Mud Lake, 1929 
Veronica officinalis L E 

Dry sandy soil in mixed coniferous and lioech-maple woods 
near Harbor Springs and in a similar stiuation south of 
Cross Village 

191 Lamxaci-al (Labiataje) (Mint family) 

Salvia nfmorosa Crantz E C 

Shrubby herb along a fence-row northeast of Larks Lake 
and in a yard at Munro Lake, 1929 
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192 Rosackab (Rose Family) 

Rosa michiganensis Eileen W Erlanson C 

I 1 ast end of the Biological Station along Douglas Lake, 1028 
(Eileen W Erlanson) 

Rosa Schuetteana E W Erlanson C 

The rose heretofore known in the region as Rosa carohna is 
probably this Douglas Lake, 1919 (Mrs Deam), 1924 
(FiletnW Erlanson) 

Rosa suffulta Greene F O 

Along road west of Carp Lake and in the jack-pint plains 
near Black River, 1927 

194 Prunao-ae (Peach Family) 

Phitnos allegiiamenhib Porter var Davibii Wight t 

Jack-pine plains south of Burt Lake, 1929 

199 Fabackai (Pea Farm]}) 

VlCIA AMEHK ANA Muhl C 

Ruderal along U S Highway 27 at Topinabee, 1929 

\ icia hirsuta (L ) Koch C 

In the aspens just south of C amp Davis, 1929 

VlCIA ANGUB1IFOL1A L C 

Along the wost (1927) and north (1929) shores of Burt Lake 

Lathyrub ochroleucus Hook C 

Ruderal, U S Highway 27 at Topinabee, 1929 

224 Haloragidaceae (Water Milfoil Family) 

Myriophyllum verticillatum fectinatum Wallr G 

Nigger Creek, 1927 

271 Iagaceae (Beech Family) 

Castanka dentata (Marsh ) Borkh E 

Tree, planted in an abandoned orchard southwest of Brutus, 
1929 
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276 Apiaceae (Ammiaceab or Umbeluferae) 

(Carrot Family) 

Cahum Carui L Caraway C 

Roadside herb west of Cheboygan, 1929 

279 Caprifoliaceae 

Symphoricahpob RAtKMOBUB Michx C 

Shrub m the jack-pme plains east of Indian River, 1927 
Solid ago bp (nearest to S Houghtonn TAG) C 

Shore of Lake Huron at Pries' Landing, 1929 
Aster undlkyanus TAG C 

Shore of Lake Huron at Pries’ Landing and Reese’s Bog, 
1929 

Aster SAorrriFOLius Wed^meyer C 

Roadside north of Cheboygan 

298 Carduackae 

Centauuea nigra L C 

Herb, on refuse dump, Indian River, 1928 (C L Kennedy) 

Gentaurea maculosa Iiam C 

Ruderal along the Green Star Trail in Inverness township, 

1927 

300 Lactucaceak 

Taraxacum erythrobpermum Andri E 

A single plant in the recently out-over beech-maple forest 
west of Pellston, 1928 

SONGHTJS OLERACEUS L C 

Weed In waste places, Cheboygan, 1929 


Smoe the publication of the previous Hats, the species listed below have 
been found in the second of the two counties of the region and are now re¬ 
corded from both Emmet and Cheboygan counties, Michigan. 

The following entries add Emmet County to the published list 

f’tylum AHTHOPHYTA 

1 Ausmataceae (Water Plantain Family) 

Alisma bubcordatum Raf E C 

In ditch near Carp Creek near Carp Lake, 1928 
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18 Jcncaceas (Rush Family) 

J uncus CANADA Nsi8 J Gay E C 

In bog along Grand Rapids and Indiana Railroad north of 
Carp Lake, 1928 


30 Cyperaceae (Hedge lamily) 

Carex chyptolepis Mackensie E C 

Wot woods along Wycamp Lake, 1929 

31 Poaceae (Grass Family) 

Bromus Kalmii A Gray E C 

In Big Stone Bay 

Hphenophous fallens (Spreng) Sonbn E C 

Stony shore, Big Stone Bay and Little Traverse Bav 
Panhum tennlbheense Ashe F C 


In the aspens west of Maple River northeast of Pellston and 
along Little Traverse Bay 

45 Obchidaceax (Orchid Family) 

CYPRIPtDIUM AUUCT1NTJM R Bf EC 

Low dunes and interdunol areas under pine in Big Stone Bay 
Coeloglossuu BRACTEATUM (Willd) Pari {Hdbenana bradeata 
(Willd )R Br) EC 

Coniferous woods near Cross Village, 1924 - 

m 

132 Brassicaceae (Mustard Family) 

Radicula palustkis (L) Mocnch " EC 

Along west Maple River in the mill yard at PeUston, 1928 
Sophia incisa (Engelm) Greene ( Sisymbrium t ncisum Engelm ) 

E C 

Ballast of Grand Rapids and Indiana Railroad north of Carp 
Lake, 1928 

Ababis Drummondi A Gray E C 

Dunes south of Sturgeon Bay, 1929 
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193 Malaceae (Apple Family) 

Amxlanchier sanguinka DC (A rprcaia, but not A sangutnea, 
of former lwt) E C 

Shrub on sand dunes in Sturgeon Bay, 1929 

Amelanchier humiLis Wiegand E C 

Low shrub on sand dunes in Sturgeon Bay, 1929 

194 Prunaceab (Peach Family) 

Pbunub cuneata Raf E C 

A low shrub in the aspens west of Maple River east of Pellston, 

1928 

199 Fabaceae (Pea Family) 

TrIFOLIUM aoearium L EC 

Ruderal along U S Highway 31 near Mackinaw City and 
also south of Pellston, spreading 

VlCLA VILLOSA Roth E C 

Fields east of Pellston 

238 Celastraceae (Staff-Tree Family) 

Celastrus bcandens L Climbing Bittersweet E C 

Liana on wooded sand dunes in Sturgeon Bay, 1929 

278 Rubiaceae (Madder Family) 

Galium lahradoricum Wiegand E C 

Cleared Thuja swamp, Grand Rapids and Indiana Railroad, 
Little Traverse Bay 

281 Valebianaceae (Valerian Family) 

Valeriana omciNAUs L garden Valerian E C 

Herb in roadside ditch south of Carp Lake, 1929 

293 Astehaceab 

Aster hirsuticaulis Lindl E C 

In low open wet area near W Maple River west of Pellaton, 

1929 
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The following specie* add Cheboygan County to our luvte 

Phyhia STROBILOPHYTA 
Pinaceah (Pine Family) 

JuNXPEBus hobisontaus Moench E C 

Pries 1 Landing, Lake Huron, 1929 

Phylum ANTHOPHYTA 

4 Scheuchsebiaceau (Arrow grass Family) 
Tbxglochin palustbis L EC 

Pries 1 Landing, Lake Huron, 1929 

10 Liuaceae (Lily Family) 

Triantha GL 0 T 1 NO 8 A (Michx ) Baker (Tofieldta glutinosa (Michx ) 
Pen ) E C 

Pries* Landing, shore of Lake Huron, 1929 
Ebythbonium americanum Her E C 

Beech-maple woods, Colonial Point and second-growth hard¬ 
woods at Riggsville Comers, 1926 

30 Cyperaceae (Sedge Family) 

RYNcHosroRA capillacea Torr var leviskta E J Hill E C 
Pries* Landing, Lake Huron, 1929 
Carkx Crawei Dewey E C 

Shore of Lake Huron, 1929 (L S Ehlers) 

Carex lacustbis Willd (C rtparta W Curtis) E C 

Along Beeeey Creek, 1929 (L S Ehlers) 

31 Poaceae (Gross Family)* 

Bbouus inebuis Leybs Awnleas Btorae Grass E C 

A grass now thoroughly established and extending its area 
rapidly in the southeastern corner of Black Lake and in 
Burt Township near Mullet Lake 
Aoropybon dasystaohyom (Hook) Vasey E C 

Pries* Landing, Lake Huron, 1929 

35 Ibidaoeae (Iris Family) 

Iris lacustris Nutt E C 

Shore of Lake Huron at Pries’ Landing, 1929 
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45 Orchidaceae (Orchid Family) 

Limn orchis dilatata (Pursh) Rydb (Habenana dilatata (Pureh) 
Gray) E C 

In the Thuja woods at Mud Lake Bog, 1928 

60 Ranunctjlaceae (Crowfoot Family) 

Anemone hudboniana Richards (Anemone multtfulaPoiT ) EC 
Shore of Lake Huron south of Mackmaw City, 1929 

105 Cai utrichacea* (Water Starwort Family) 

CaLUTRICIIE PALU8TRIS L EC 

Roadside ditch (U 9 Highway 23) north of Cheboygan and 
in a creek east from Van, 1929 

108 Hypehicaceae (St JohnVwort Family) 

Hypericum Kalmianum L EC 

Shore of Lake Huron at Pries* Landing, 1929 

126 Papaveraceae inci Fcmakiaceae 

Bicugolla canadensis (Goldie) Millsp (Dtcenfra canadensis 
(Goldie) Walp ) E C 

In beech-maple forests on Colonial Point and at Mud Lake, 
1926 


132 Brabsicackai (Mustard Family) 

Conrjngua orientAX.1S (L ) Dumort F C 

A weed in the experimental bird pens at the Biological Station, 
1928 (Helen R Cobum and Doris Dean) 


133 Cartophyglaceae (Pink family) 

Arknaria stricta Michx r E C 

Abundant in Bwampy area in jack-pinc plains south of Burt 
Lake, 1928 

135 Portulacaceae (Purslane Family) 

Claytonia cahounlana Michx &C 

Abundant in a beech-maple forest near Mud Lake, 1926 
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169 Boraginacea® 

Lithospermum cabolinensb (Walt) MacM (L Gmeltni 
(Michx ) Hitchc ) E C 

Jack-pine plains south of Burt Lake, 1928 

176 Gentianaceae (Gentian Family) 

Gbntiana proceka Holm E C 

Shore of Lake Huron, Pries’ Landing, 1929, abundant 

178 Scrophulakiaceae (Figwort Family) 

Chaenorrhinum minus (L) Lange {Lmana minor (L) Desf) 

E C 

Railway ballast at Mackinaw City and on rubble at Black 


Lake, 1928 

Aqaunis paupercula (A Gray) Bntton (Gerardia paupercula 
(Gray) Bntton) E C 

Shore of Lake Huron, Pries’ Landing, 1929 

192 Rosacea® (Rose Family) 

Opulaster opulifolius (L ) Kuntse ( Physocarpu* opulifolius 
(L ) Maxim ) E C 

Shore of Lake Huron, Pries’ Landing, 1929 

199 Fabaceae (Pea Family) 

Melilotus otpicinalib (L) Lam E C 

Field and roadside, Riggsville and Cheboygan 

200 Saxifragaceae (Saxifrage Family) 

PaRNABSLA CAROL1N1ANA Michx E C 

Shore of Lake Huron at PiW Landing, 1929 

Pabnabsia parviflora DC EC 

Shore of Lake Huron, Pries’ Landing, 1929 

204 Drosehaceae (Sundew Family) 

Drosera linearis Goldie E C 

On the mat surrounding Blanchard Lake, 1929 
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276 Afiaceab (Carrot Family) 

Daucus C a rota L EC 

Roadside! near Nigger Creek and abundant along roads near 
Cheboygan 


278 Rubiackae (Madder Family) 

Galium abprellum Michx E C 

Thickets and low woods along Nigger Creek, Burt Township, 
1929 

287 Heuanthaceae 

Hkuanthus Maximiliani Schrad E C 

Rudcral on the Topinabee Road near Crumps, 1929 

COREOPSIS LANCEOI ATA L EC 

Shore of Lake Huron at Pries’ Landing, 1929 
296 Anthkmidaceak 

Artemisia caudata Michx E C 

A hairy form m the jack-pine plains south of Burt Lake and 
normal plants along Lake Huron at Pries' Landing. 
Artemisia annua L Wormwood E C 

Weed on sawdust pile at mill rums at Wolff’s Bog, 1929 

298 Cabduacxab 

Carduub cribpus L EC 


A rudcral along the Cheboygan Road in Inverness Township, 
1928 

In the h*t published by the author* in 1924, some of the record* for Emmet 
County were baaed aolely on an unpublished list of Emmet County plants by 
Fallses and Swift Such specie* were indicated by “E * ” During the last 
three summer* the presence of the 1 following specie* in Emmet County has 
been verified by ooQections of our own 

Phylum PTBRIDOPHYTA 

4 Osmundacrae (Royal Fern Family) 

Osmunda Clavtontana L EC 

In bog woods bordering Larks Lake, 1929 
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Pfayhim CALAMOPHYTA 

2 Equisetaceab (Horsetail Family) 

Equisetum laevigatum A Br EC 

Little Traverse Bay, 1923 

Phylum ANTHOPHYTA 

6 Sparganiaceax (Bur-Reed Family) 


Sfabganium angubtifolium Michx E C 

French Farm Lake, 1028 

30 Cyperaceae (Sedge Family) 

Eleocharis tenuis (WiUd ) Schultes E C 

In marshy margin of Wycamp Lake, 1929 

31 Poaceaf (Grass Family 

POA NEMORALIS L EC 

Woods at Harbor Point, 1926 

Panicum impucatum Scribn E C 

In the aspens near French Farm Lake, 1928 

45 Orchidaceaf (Orchid Family) 

Ctpripedium acaitle Ait EC 

Coniferous woods near Big Stone Bay 


Limodoeum tuberosum L (CalopoQon pukhetty* (8w ) R Br) 

E C 

Little Traverse Bay, also seen at Harbor Point 

> 

71 Malvaceae (Mallow Family) 

Malva moschata L Musk Mallow E C 

Roadside herb south of Carp Lake, 1929 

81 Ubticacbab 

Humulub Lupulus L Hops E C 

Vine near abandoned dwellings, west of Pellsfcon, 1929 
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108 Hypebicaceae (8t JohnVwort Family) 

Hypericum perforatum L EC 

Pasture near Cross Village, 1918 

132 Brassicaceae (Mustard Family) 

Sin Apis AKVENsis L (Bratsica arvensts (L) Kuntse) E C 
A weed in the mill yard at Pellston, 1928 
Aiimoracea Akmoracia (L ) Britton (Radicula Armaracta (L ) 
Robinson) Horseradish E C 

Roadside ditch near Levering, 1929 
Arabis brachycarpa (T & G) Britton E C 

In thickets near Bliss, 1929 

140 Saljcaceae (Willow Family) 

Saux pedigellaris Pursh Bog Willow E C 

Shrub in a Carex lastocarpa bog north of Wycamp Lake, 1929 

100 PyKOLACEAE (Wintergrccn Family) 

PYROLA AMERICANA Sweet E C 

Coniferous woods in Big Stone Bay, 1927 
Pyhola uuginosa Torr ( Pyrola asanfolta var i ncamata (Fisoh ) 
Fernald) E C 

Cleared Thuja woods, Little Traverse Bay, 1923 

167 Convolvulaceae (Morning Glory Family) 

Convolvulus ahvensis L Field Bindweod E C 

A ruderal south of Van The patch is reported to be in its 
fourth year and extending vigorously, 1928 

169 Boraginaceae (Borage Family) 

Ctnoolossum officinale L EC 

A weed in the mill yard at Pellston, 1928, and at Cecil Bay 

171 Solanackae (Potato Family) 

Physalis heteropuylla ambigua (A Gray) Rydb Ground 
Cherry E C 

Field weed west of Pellston, 1920 
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178 Scrophulariaceae (Figwort Family) 

Veronica americana Schwein • F C 

Wet stony point in Big Stone Bay 

191 Lamiaceae (Mint Family) 

Mentha piperita L tC 

Cold streams and spnngy soil in Little Traverse Bay, 1923 

282 Aceraceae (Maple Family) 

Acer sacchahinum L (Soft Maple) h C 

Planted in Pellston 

269 Juglandackae (Walnut Family) 

Juglans niora L Black Walnut E C 

Planted west of Brutus, 1929 

Juglans cinerea L Butternut E C 

Planted near Alanson and near Cross Village, 1929 

271 Fagaceae (Beech Jamily) 

Qubrcus alba L White Oak E C 

Trees in woods west of Brutus, 1929 

292 Inulacfaf 

Antennaria plantaginifoi ia (L ) Richards E C 

Herb in piny aspens east of Pellston, 1927 . 

293 Asteraceae 

Erigkron annuus (L ) Pcra Daisy Fleabane E C 

Ruderal herb north of Larks Lake, 1929 

296 Anthemidaceae 

Tanacetum vulqare L Tansy E C 

Roadside herb near Canby P O , 1929 

Artemisia Absinthium L Absinth E C 

Roadside herb near Canby P 0,1929 
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300 Lactucacka® 

Lactttca lAarmpOLiA Ell EC 

A wood in ballast of the Grand Rapids and Indiana Railroad, 
north of Carp Lake, 1928 


TABLE OF SPECIES 


Fcumliee 

Emmet 

County 

Cheboygan 

County 

Total 

Phylum J 

► PraRjDOwrm 


1 OphiogbflMoeae 

2 

8 

8 

3 IsfWtaceao 

0 

2 

2 

4 Oamundaooae 

3 

3 

3 

11 Polvpodiaoew 

11 

20 

20 


Phylum 10 Calamopbtta 



1 I ycopodiaoea* 6 6 6 

3 SeUgwelUcett 2 2 3 


Phylum 13 8t*obilop»tta 


3,5,6. PiimceM 11 11 11 

0 Taxaoeae 111 
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Families 

Emmet 

County 

Cheboygan 1 
County 1 

Total 

1 

AUaroatacoae 

4 

4 

6 

4 

Scheuohsenaceae 

2 

3 

3 

& 

Typbaceae 

1 

1 

1 

6 

Sparganiaoeae 

6 

6 

8 

9 

Potamogetonaceae 

10 

10 

16 

10 


19 

22 

23 

12 

Pontederiaceae 

1 

0 

1 

18 

Juncaceae 

13 

10 

13 

10 

Enocaulonaceae 

1 

1 

1 

22 

Naiadaoeae 

0 

1 

1 

24 

Araceae 

2 

4 

4 

26 

Lemnaoeae 

1 

3 

3 

30 

Cyperaceae 

91 

106 

115 


(Carex) 

(68) 

(79) 

(86) 

31 

Poaceae 

81 

93 

103 

32 

Hydrochan taceae 

4 

4 

4 

36 

Iridaceae 

4 

3 

4 

46 

Orohidacea© 

31 

36 

36 

60 

Ranunculaoeae 

26 

20 

28 

62 

Berbendaceae 

1 

2 

2 

67 

Ceratophyllaoeae 

0 

1 

1 

71 

Malvaceae 

3 

4 

4 

76 

Tiliaoeae 

1 

1 

1 

79 

Ulmaceae 

1 

1 

1 

80 

Moraceae 

1 

1 

1 

81 

Urtlcaoeae 

2 

4 

4 

82 

Sarracewaceae 

1 

1 

1 

84 

Geraniaceae 

1 

2 

2 

86 

Oxahdaceae 

3 

1 

3 

87 

BaUiumnaoeac 

2 

2 

2 

89 

Lwaoeae 

1 

1 

1 

101 

Fotygalaoeae 

1 

2 

2 

104 

Euphorbiaceae 

7 

4 

8 

106 

Callitrichaceae 

1 

1 

1 

107 

Cutaceae 

1 

2 

2 

108 

Hypericaceae 

4 

7 

8 

118 

Violaoeae 

11 

14 

16 

126 

Papaveraoeae 

6 

2 

5 

128 

Nymphaeaoeae 


4 

4 
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TABLE OF SPECIES (Continued) 

Phylum 14 Awthofhtta 


FuniliM 

■ Emmet 

1 County 



132 BrmaiicAttBAe 

32 

37 

41 

133 CftiyophylUceae 

16 

10 

21 

135 PortuUcftceu 

3 

3 

3 

130 AixoftoeiM 

1 

1 

1 

140 S*hcace*« 

17 

24 

25 

145 Am*nuath»oe«e 

4 

3 

4 

146 ChenopodiAttae 

6 

6 

6 

147 PolygonAcete 

20 

23 

25 

148. NycUgine*ce« 

0 

1 

1 

151 PriOQUlftceM 

4 

4 

5 

152 PUnUgituuMM 

3 

5 

5 

157 Eric*oeft« 

17 

17 

18 

100 PyroUo«*e 

8 

8 

8 

166 PolemoDiaoeu 

0 

1 

1 

107 ConvoIvulAOCAe 

3 

4 

4 

168 HydrophylUceM 

1 

0 

1 

160 BoncinAoeM 

11 

13 

14 

171 SoUnjtceAe 

6 

8 

0 

172 Oleftoau 

4 

5 

fi 

175 Gentiiui%c«Ae 

5 

5 

6 

176 Apooynftoeae 

2 

6 

5 

177 A*d«pi*d*cett 

2 

4 

4 

178 ScrophuUrUoMA 

18 

17 

20 

170 BifnoniAco*® 

1 

0 

1 

182 OrobAnchAceae 

1 

2 

2 

185 LentihuUnAcAM 

6 

4 

5 

180 Phrymaoea* 

0 

1 

1 

190 VerbenAoeAe 

2 

8 

4 

101 Ltmiaora 

21 

25 

27 

102 RooAoeAe 

33 

32 

38 

198 MaIaobab 

0 

13 

13 

104 PrunsMM 

6 

7 

7 

109 FabAoeAe 

15 

23 

25 

200 8*JQfra*Aoeae 

4 

4 

5 

202 GroMuUHAMM 

0 

7 

10 

203 CrAMukceAe 

2 

2 

3 

204. DropenoeAB 

4 

3 

4 

211 HAmAmelidACOAB 

1 

1 

1 

216 LythrAoeA* 

1 

1 

1 

223 OenotberAceM 

10 

11 

12 
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TABLE OF SPECIES (Continued) 

Phylum 14 Anthophvta 


Families 


Emmet 

County 


224, Halorrhetfldaoeae 

282 Cucurbitaoeae 
236 Hhamneoeae 

287 Vitaceae 

288 Celaatfaowe 
240 Aqui/ohaceae 
260 Thymelaeaoeae 
262 Elaeacnaoeae 
264 Santalaceae 
268 Lorantheceae 
262 Aoeraceae 

268 Anaoardiaoeae 
260 Juglandaoeac 
270. Betulaceae 

271 Fagaoeae 

272 Myricaeeae 
276 Amliaoeae 

276 Apiaoeae 

277 Comaoeae 

278 Rubiaoeae 

279 Cawifoliaoeae 
281 Valenanaceae 

283 Campanulaoeae 
287 HfUanthaeeae 
288, Ambroetaceac 

289 Bekmaoeae 

292 Jnuiaoeae 

293 Aiteraoea* 

295 Eupatorlaoeae 
206 Antbemidaoeae 
297 Senecdooidaoea# 

298. Carduaoeae 
300 Laotucaoeae 
{237-300 u Compoatae”) 


4 

5 

6 

1 

3 

3 

1 

3 

3 

2 

2 

2 

1 

2 

2 

2 

2 

2 

1 

1 

1 

l 

1 

l 

2 

2 

2 

1 

1 

1 

6 

6 

6 

3 

3 

3 

2 

2 

2 

7 

7 

7 

5 

6 

5 

1 

2 

2 

3 

4 

4 

12 

14 

16 

7 

7 

7 

7 

13 

13 

14 

14 

15 

2 

2 

2 

6 

10 

10 

11 

16 

17 

6 

3 

5 

1 

1 

1 

7 

*9 

9 

27 

SO 

32 

8 

4 

4 

10 

It 

14 

4 

4 

4 

7 

10 

10 

16 

21 

22 


(106) 

(118) 
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SUMMAttT Of PlITLA 


Phyla 

Emmet 

County 

Cheboygan 

County 

Total 

0 Pteridophyta 

mm 

33 

33 

10 OftUmophyta 


12 

13 

11 Lepidophyta 


8 

9 

13 StrobUophyt* 

■ 

12 

12 

14 Antho phyla 

834 

005 

1060 

Monocotyledoneae 

(271) 

(311) 

(341) 

Dicotyledoneae-A»Borae 

(288) 

(331) 

(868) 


Ihootyledoneae--Calycifloree (275) (323) (351) 

881 1030 1127 













DISPERSAL BY INDIANS A FACTOR IN THE 
EXTENSION OF DISCONTINUOUS DIS¬ 
TRIBUTION OF CERTAIN SPECIES 
OF NATIVE PLANTS 

MELVIN R GILMORE 

'^/HEN we contemplate a species of plant life I suppose we all 
v think of it in relation to some designated area or areas of the 
earth's surface which we call the range of the species If wo find 
a species to have continuous distribution over a given area, how¬ 
ever extended that area may be, wo can thmk of the probable 
specific origin in some part of its present range, which we may call 
the area of characterisation Then wo shall think of the migration 
of the species from Its original area of characterisation until it 
has populated the entire area of its present range If this dis¬ 
tribution be continuous we can picture the migration as having 
been accomplished by means of the plant’s own means of dissemi¬ 
nation, whether these means be adaptations for seed dispersal by 
wind, water or organic agencies, such as mammals, birds and so 
forth * 

But if the range of a species is diacontinuousVo shall find natu¬ 
ral barriers in some form intervening between the several areas 
of distribution and preventing the dissemination of the plant by 
its usual means of migration Such instances of invasion of new 
territory beyond natural barriers have occurred in the case of 
many of our domesticated plants Having been helped over bar¬ 
riers by some agency other than the plant’s own means of natural 
dispersal, it has found itself in a happy situation in which it has 
been able to disseminate itself again by its own natural adapta¬ 
tions In such situation it has escaped captivity and control, has 
possessed itself of new territory, and has proceeded to form a new 

89 
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range, effectually separated from the original range though it be 
and remain 

But sometimes these immigrants, even though able to main¬ 
tain themselves in a locality into which they have been introduced 
by such extraordinary means, do not find themselves able to extend 
their invasion greatly Borne isolated colonics of certain species 
of native American flora have come under my observation in a 
number of localities These colonies have every appearanoe of 
having become established by other than ordinary means in the 
localities where they are now found I shall give a few instances 
and suggest the factor which appears to me to have been active 
in the original introduction of these species into the stations where 
they are found, out of contact with the range of their species, 
beyond barriers insuperable by the plant's ordinary means of 
dissemination 

Taking the species in taxonomic order and beginning with the 
lowest, I shall cite first the case of Acorns calamus, commonly 
called calamus or Sweet-flag This plant is very common con¬ 
tinuously throughout the Atlantic Coast region, along the borders 
of streams and other wet situations Farther inland it is found less 
and less frequently Calamus is a plant which very seldom blooms, 
and I have never known it to produce seeds, so that it is not 
adapted to disseminate itself or invade new territory But it is 
found in certain places all the way from Canada to Texas, all these 
places being at considerable distance from any other stations of 
the species 

There is a large field of Acona calamus in the low ground in 
the great bend of the MoUse River in the northern part of North 
Dakota, not far from the village of Towner in that state About 
five hundred miles away to the south, on Minichadusn River, near 
the south boundary of South Dakota, there is another patch of 
calamus There are other patches farther to the south in the 
state of Nebraska on the Calamus River, on the branches of the 
Loup River, on the Platte and on the Republican River In 
Kansas there are patches in places on the Republican, the Kansas, 
the Arkansas and other rivers In Oklahoma also there are various 
patches on oertain streams 
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Acorns calamus k a plant vary highly valued by Indiana for 
medicinal and other ueee All the places whioh I have mentioned 
above a* stations of this plant are well known to the people of 
the tribes in those regions And all these stations are in localities 
formerly much frequented by them They either are in the vicinity 
of old village sites, or are located near camping places on old Indian 
trails My opinion is that every one of these patches had its origin 
by intentional planting long ago by Indian medicinemen I believe 
that the plant was brought from the Atlantic seaboard and es¬ 
tablished by stages until it reached the Plains Region, where it 
is now found in these isolated stations 

The next instance I have to offer is that of Juglans nigra I 
was informed of the existence of a grove of black walnut trees in 
southern Nebraska, in the valley of a tributary of the Little Blue 
River, at a distance of one hundred and fifty or two hundred miles 
beyond the range of the species It is said that this grove was 
there when white men first came to that valley, and according to 
tradition it had been planted by Pawnee Indians who formerly 
had villages in the vicinity The Pawnees were always intensive 
agriculturists The only reasonable explanation of the existence 
of this isolated station of Juglans nigra is that it had been planted 
by the Pawnees from stock which they had Imported from the 
country of the Otos along the Missouri River to the eastward, and 
this explanation also agree* with the tradition and with the fact 
of the high value in which nuts were held by Indians as an item 
of food * 

In the country of the Ponkas in northeaster'll Nebraska there is 
a station of Malus toensis, the prairie crab-apple, on a small stream 
which falls into the Niobrara River This location,is about two 
hundred miles beyond the northwest periphery of the range of 
Malus toensts The Ponkas recognised the presence Of this oolony 
of the species here bo far out of its natural range as being something 
unusual, and they call the stream by a name whioh means ‘‘the 
creek where apples abound ” The reasonable explanation of the 
existenoe of this isolated colony would seem to be that it had re¬ 
sulted from a visit at some time of Ponkas to tbs country of the 
Iowas or the Otos or the Missouris, and the importation of a 
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quantity of the apples with them when they returned home, and 
that the seed of some of these became established and have since 
maintained themselves 

The four tnbes of the Pawnee confederacy were removed by 
the Umtod States federal government from their own home country 
in Nebraska to Oklahoma in 1873, because the Pawnee land in 
Nebraska was desired by white people In the places where they 
were temporarily settled for the first year of their residence m 
Oklahoma there may now be seen many thickets of Prunus amen- 
cana t the wild plum, which abounds m the region of the Pawnee 
country in Nebraska Pawnees, as also other tribes, made much 
use of all the wild fruits, including wild plums They were used 
in the fresh state, and quantities were dried to preserve them for 
future use Pawnees have told me that the plum thiokets which 
now appear in the places where they lived in Oklahoma, when 
they first came from Nebraska, are the results of the seeds which 
they threw out after using the dried plums which they had brought 
in their food provision from Nebraska 

The natural range of the buffalo-berry (Shephcrdta argentea) 
east of the Rooky Mountains is from Saskatchewan to Nebraska 
It is commonly found m North Dakota and South Dakota west 
of the Missouri River In North Dakota its natural range is 
limited on the east by the Plateau du Missouri, and m South 
Dakota the eastern limit of its natural range is the Coteaux du 
Prairie But in certain places in both North Dakota and South 
Dakota far to the east beyond its natural range a few isolated 
colonies of buffalo-berry are found 

In aboriginal Indian times a regularly traveled trail ran from 
the woodland region of the upper lakes westward across the Red 
River of the North, by way of the Pembina River, the Turtle 
Mountain, the great bend of the Mouse River, then through 
the Coteaux, across the Plateau du Missouri into the buffalo 
country of the Missouri River, in the range of JShepherdta ar - 
geniea Another trail from the woodland region out into the Mis¬ 
souri River oountry led a little farther south across the Red River 
of the North, westward across the headwaters of the Sheyenne 
River, and of the James River, and then the Coteaux Another 
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trail of east and west travel, to the Missouri River and return, was 
farther south, crossing the Red River of the North about where 
Fargo is now, the Sheyenne where Valley City is, and the James 
River about where Jamestown is Another trail was still farther 
south, past Big Stone Lake, then through the lake region of what 
is now South Dakota and over the Coteaux du Prairie to the 
Missouri River region On all those lines of old-time Indian travel 
there are isolated stations of Skepherdta argenUa at places from 
one hundred to two hundred miles coat of the natural barriers 
which limit the eastern periphery of the range of the species 
Such stations are found at the crossings of the upper courses of 
the James River and the Sheyenne River At the old Sheyenne 
River crossing where Valley City now stands there is a clump of 
buffalo-berries And near Mil bank, in northeastern South Dakota, 
not far from the Minnesota state line, in the vicinity of Big Stone 
Lake, there are some buffalo-berry bushes It is my opinion that 
all these stations of Shepherdia have resulted from seeds becoming 
established at camping places on the trail, from dried buffalo- 
berries which Chippewaa were taking home with them on return 
journeys from the Missouri River 

Concerning Nicotiana rustica the statement is made in Bntton 
and Brown’s Manual of the Flora of the Northern Slates and Canada 
that it is found “in fields and waste places” in Ontario and in 
the northern and eastern states I have not myself seen it in 
such situations, but it may be bo If it be bo, it must be that these 
vestiges are relicts from tho former cultivation pf Nicotiana ruettca 
by the former Indian inhabitants in the vicinity where they at 
present occur, for the natural range of Nicotiana rustica is in 
Mexico, many hundreds of miles away from any of these places 
where it u claimed that it still survives 

I have given but a few examples of the sporadic distribution 
of certain species and the circumstanoes of their existence, for the 
purpose of calling attention to what I believe is the moans by 
which these colonies have become established where they are 
found I think the agency responsible for the establishment of 
these isolated stations is the human factor, the operation of the 
Indian poople, in some cases purposive, but not so in all I think 
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some colonies were established by purposeful transportation and 
careful transplantation, in other cases, I think the dissemination 
was by chance, but in all the given examples cited I think that 
the transportation was by human agency 

I am sure there must be many other instances which might be 
shown of similar import to the few which I have given, and I 
should be very glad if any of my readers would bring to my 
attention any similar examples of which they may have knowl¬ 
edge, with all the pertinent facts which are available 

Univeiuhtt or Michiqaw 



GROWTH STUDIES ON FRUITS 


THE EFFECT OF THE REMOVAL OF ALTERNATE 
FLOWER CLUSTERS ON THE DEVELOPMENT 
OF FRUITS IN THE TOMATO * 

FELIX G GUSTAFSON AND HAHLOW E LA1NG 

JN THE summer of 1928, two hundred vigorous and uniform 
tomato plants were selected for an experiment on the effect 
on setting and development of fruits of isolating fruit clusters 
from one another by girdling the stem These plants were all 
pruned to one stem and also had the first inflorescence removed 
as soon as it was formed They were divided into four groups 
of fifty plants each The plants of each group were uniformly 
distributed throughout the field by arranging them according 
to the following scheme Al, Bl, Cl, Dl, A2, B2, C2, D2, A3, etc 
In this way the soil and cultural conditions were uniform for all sets 
The four sets were treated as follows Set A, control, B the 
same as A, except that besides the first flower cluster, the third, 
fifth and seventh were also removed, C the same as A, except that 
the stem was girdled directly above each inflorescence, D like 
C, but the girdling was done just above the second leaf above each 
flower cluster After a few weeks it became evident from both 
gross and microaooplc examination that the girdling was not ef¬ 
fective, i e new cambium and phloem were formed, and hence 
the two sots of girdled plants were "no longer used in this experi¬ 
ment Groups A and B were continued, however, -as a study of 
the effect on fruiting of the removal of alternate inflorescences 
Before the results of this study are taken up one may first 
note the general results obtained when plants were pruned to one 
stem instead of being permitted to branch freely The plants kept 
rigidly to one stem had much thicker and taller stems than those 
not pruned Their individual fruits were considerably larger and 

* Paper from the Department of Botany of the Umvenrity of Michigan, 
No m 
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in many plants the apex of a fruiting cluster would proliferate, 
1 e form a stem with several leaves This practically never hap¬ 
pens when the plants are permitted to branch freely It was found 
that at least two buds were formed in the axil of each leaf and 
sometimes three These were formed successively, after one had 
been removed a second one and sometimes a third would develop, 
but never more Pruning to one stem would be economical only 
if ground were at a premium or if one were desirous of producing 
extraordinarily large fruits The total yield of fruits per plant 
is undoubtedly less when it is pruned to one Btem than when 
branching is permitted This statement is, however, based on 
general observations rather than on exact measurements 

The results produced by removing every other cluster of fruit 
buds can be best brought out by tables 


TABLE I 

Numbbb or Faurrs Set peb Cluster 


Cluster no 

Average number of fruits set 
per cluster 

Percentage m 
crease tn setting 

Plants A 

Plants B 

2 

fi 74 

fi 62 


3 

5 86 



4 

6 30 

6 13 

16 7 

fl 

6 18 




TABLE II 

Numb kb or Fauns Developed pbb Cluster 


Cluster no 

Average number of fruits 
developed per clutter 

Percentage 
increase in 
development 

Plants A 

Plants B 

2 

4 26 

4 67 

0 6 

3 

3 46 



4 

1 08 

4 04 

104 0 

6 

1 34 



6 

1 SO 

3 4fi 

130 0 
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TABLE III 

Firccntaos or Dbvblomcbnt or Fruits 


Cluster no 

Fruits developed u percentage 
of setting 

Percentage 
increase in 
development 

Plants A 

Plants B 

2 

74 2 

81 6 

9 1 

3 

39 0 



4 

87 4 

68 5 

83 2 

5 

89 2 




TABLE IV 

Average Weight or Individual Fruits 



Average weight of individual 

Percentage in 

Cluster no 

fruit in grams 

crease in weight 


Plants A 

Plants B 

per fruit 

2 

139 4 

133 3 

- 3 7 

3 

168 3 



4 

154 8 

184 8 

19 8 

5 

130 6 



6 

88 3 

no 5 

25 1 


TABLE V 

Total Yield or Fruit per Cluster 


Cluster no 

Total yield in grams per cluster 

Percentage in 
crease in yield 

Plants A 

Plants B 

2 

33,953 

33,104 

3 4 

3 

29,118 



4 

13,279 

36,389 

138 1 

6 

8,730 



6 

6,716 

18,676 

178 1 

7*10 

3,330 



8-10 


4,339 


Total yield 




00 plants 

99,346 

94,528 
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The tables show that, If only every other infloreeoenoc i m per¬ 
mitted to fruit, the number of fruit* setting per inflorescence will 
be slightly increased, the number of fruits actually developing per 
duster will be more than doubled, and these fruits will be larger 
All three conditions tend to increase the yield and as & result the 
corresponding clusters on the experimental plants will bear a 
greater amount of fruit This larger yield per duster is so great 
that, although these plants have only about half as many dusters 
as the control plants, yet the total yield la 95.16 per cent of that 
of the control plants 

It will be noted that in cluster 2, Table I, the setting is 
slightly less in the experimental plants than in the control The 
setting in these inflorescences was of course completed before the 
next tnfloresoenoe was removed, so that no effect could be expected 
Even though the setting was somewhat smaller, yet the number 
of fruits developing was 9 1 per cent higher than in the control 
plants The removal of fruiting cluster 3 was operative in this 
development 

In Table II it is noticed that the control plants produce fewer 
and fewer fruits per infloreecenoe as the plant ages Though this 
is also true in the experimental plants, the decrease is very much 
less In Table V another fact is brought out with reference to the 
decrease in productivity of the later developed inflorescences The 
control plant produced loss than one half as much fruit in cluster 
4 as in 2, while the experimental plant actually produced more 
in duster 4 than in 2 

The decrease in the productivity of the later developed flower 
dusters is undoubtedly due, as explained in a previous paper (1), 
to a decrease in available nutrient material, When all the blossoms 
are permitted to develop, the number of fruits set in the early 
formed flowers will be so large that they will use up nearly all 
the nutrient material, either produoed in the plant or coming into 
it, leaving very little for those produoed later, and as a oonsequenoe 
fewer will develop and they will be small On the other hand, 
those plants from which some infloresoenoes are removed have as 
much nutrient material as the control plants, but many fewer 
flowers and fruits to support There is no reason to suppose that 
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the experimental plants do not photosynthesise as much as the 
others, or that their roots are not as active in absorption There¬ 
fore the experimental plants produce more and larger fruits per 
fruiting duster than the controls, because there are fewer dusters 
to support and not, as many investigators have claimed, because 
of the production of inhibiting substances in the controls If 
inhibiting substances were formed, it seems impossible that eight 
to ten fruits would develop in a single cluster, which is what some¬ 
times happens m the experimental plants This was never found 
in the control plants By nutrient material is meant the food- 
supply, mineral material, water, oxygen and any other material 
used in building up and maintaining the cells 

It Is believed that these experiments give further proof for 
the contention of the senior author that growth is limited by 
nutrient conditions of a plant rather than by the formation of 
inhibiting substances, as claimed by many investigators 

UwirERarrr or Mxchjoan 
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LICHENS FROM THE STATE OF 
OKLAHOMA * 

JOYCE HEDRICK 

QO FAR as the writer has been able to ascertain, no work has 
been published on lichens collected m the state of Oklahoma, 
nor arc there any collections from this state to be found in the 
herbaria of the University of Michigan, the University of Okla¬ 
homa, the Sullivan t Moss Society or the private one of C C Plifct 
The material from which this list was made was collected by 
Robert E Stratton over a period of three years, 1927-29, in the 
following counties Delaware, Mayes, McCurtam, Johnston, Mur¬ 
ray, Payne, Osage, Kay, Harmon, Roger Mills and Cimarron The 
counties represented indicate a state-wide survey, yet in many of 
them but few specimens were collected, so that further collecting 
is much to be desired 

The collection numbered 106 specimens, representing 59 species 
and subspecies in 22 genera Of these, 44 species are more or less 
widely distributed over the United States, 4 are common east of 
the Rocky Mountains, 4 are limited to the United States west of 
the Mississippi River, 3 are common in northern United States 
and rare southward, 3 are limited to the Great Plains region, and 
1 has been found only in Nebraska (2, 3,5,6) A majority of the 
specimens are of crustoae form and a large nunfber grow on rocks 
Of the 59 species and subspecies 38 are orusfose, 13 foliose and 
8 partly or wholly fruticose Also, 29 were collected on rocks, 7 
on soil, 22 on trees and 1 on old wood 

The pyrenomyoetous lichens are represented in this list only 
by Stauroihele umbnna (Ach) Tuck This does not mean that 
there are no other pyrenomyoetous lichens in the state, but rather 
that they have been overlooked by the oojloctor The same state¬ 
ment may be made of the lichens belonging under Hysteriales, 
represented here by Opegrapha carta Pers 

* Paper from the Herbarium of the UmvenUy of Michigan, No 14 
101 
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Tho most conspicuous genera are those of orustose form The 
genus Caloplaca, with a more or less plectenchymatoua thallus and 
a heavy thalloid oxciplc, is represented by 8 species The genus 
Lecanora, also with a heavy thalloid exciple, has 9 species and 
2 subspecies in this list Both these genera are very common 
throughout the United States and are well represented in the drier 
regions of the Southwest (1) Of the folioae forms, the genera 
Physcia and Parmelia are the most common Parmelia is repre¬ 
sented by 0 species and Physcia by 4 The genus Cladonia found 
in such profusion throughout northern United States is represented 
here by 3 species and 1 subspecies, all very small specimens 

Oklahoma is one of the southwestern states of the Great Plains 
region Its elevation vanes from sea-level along the Arkansas 
River in the central-eastern part, rising slowly to 1000 and 1500 
feet throughout the central part, to 2000 feet in the western part 
and 4000 feet in the far western county of Cimarron Four regions 
of vegetation are found within the state The southeastern and 
extreme eastern portion lies in the region of the Deciduous Forest, 
the eastern and central portion m the Grasslands-Deciduous Forest 
Transition, the western portion in the region of Grasslands, and 
the western end of the panhandle in the region of Dosert-Graaslanda 
Transition (4, PI I) The precipitation for the state varies from 
40 to 50 inches in the southeast, 30 to 40 throughout the eastern 
and central part, 20 to 30 in the western and 10 to 20 in the far 
west (4, p 280) 

The classification of A Zahlbruckner (7) has been followed 
unless otherwise indicated The specimens are deposited in the 
Herbarium of the University of Michigan. 

The distribution in states other than Oklahoma has been 
checked against the distribution records of the late Dr Bruce Fink 

VERRUCARIACEAE 

Statjrothelb umbrina (Ach) Tuck — On soft blue sandstone, 
Stillwater, Payne County, January 1, 1927 On rocks from 
New England to Florida and westward to the Rocky Moun¬ 
tains 
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QRAPHWACEAE 

Ofegrafha vabia Pers —On oaks at Price’s Falls, Arbuckle 
Mountains, Murray County, Apnl 22, 1927 On trees 
throughout the United States 

LECIDEACEAE 

Bacidxa schweinithi (Tuck ) Fink — On bark of dead hickory, 
Broken Bow, McCurtaln County, May 16, 1929 On trees 
in eastern United States and westward to Texas 

Biatohella simplex (Dav ) Br & Rostr — On white sandstone 
on high hill, Stillwater, Payne County, March 3, 1929 On 
rocks throughout the United States, 

Buelua 1 myriocaepa (Lam <fc DC) Mudd — On sandstone, 
Stillwater, Payne County, February 24, 1927, and March 6, 
1927 On old wood and rocks throughout the United 8tates 

Buelua pabasema (Ach) Koerb — On rod oak recently fallen, 
Dripping Springs, Delaware County, July 17, 1929 On trees 
throughout the United States 

Buelua spubia (Schaer) Arn — On red sandstone on high hill, 
Stillwater, Payne County, March 3, 1929, on quart* rock, 
Cherokee Lake, Salma, Mayes County, July 17, 1929 On 
rocks throughout the United States 

Lecxdea lapicida Ach — On sandstone, Pnoe’s Falls, Murray 
County, May 11,1929 On rooks in Maine, Minnesota, South 
Dakota and southern California 

Lxcjdxa farasema Ach —On sandstone, * Kenton, Cimarron 
County, June 16, 1929 On rocks throughout the United 
States 

Lzcidea spberba Ach —On limestone, Turner Falls, Murray 
County, May 10, 1929 On rocks in New England, West 
Virginia, Minnesota, Wyoming, Idaho, Washington and Cali¬ 
fornia 

Psora crenata (TayL) Heinke — On limestone on barren hill, 
ftavia, Johnston County, September 7, 1927 On soil and 
rooks in Texas, New Mexico, Ariaona, Colorado and Montana 
1 Under Buelhaceac in oUarfficatioa by Zahlbruckner 
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Psoha decipiknb (Ehrh) Hoffm — On soil, Hollis, Harmon 
County, August 6, 1927 On soil throughout the United 
States except in the extreme southern part 
Psoba ictebica (Mont) Mull Arg — On soil on top of rocky clay 
hill, Stillwater, Payne County, February 23, 1927, and Apnl 
18, 1929 On soil in New York and throughout the United 
States west of the Mississippi River 
Psora rtjssellii (Tuck ) Schneid — On sandstone of a dry rocky 
hill, Stillwater, Payne County, February 8, 1926, January 1, 
1927, and March 3, 1929, on limestone rocks and red sand¬ 
stone, Price's Falls, Murray County, April 30,1926, Apnl 22, 
1927, and May 11, 1929, on limestone rocks, Kaw City, Kay 
County, April 20, 1929 On rocks throughout the United 
States 


CLADONIACEAE 

Cladonia cristatella Tuck — On soil at top of hill, Dripping 
Springs, Delaware County, July 18, 1929 On soil throughout 
the United States east of the Rocky Mountains 

Cladonia furcata (HudB ) Schrad — On soil, Dripping Springs, 
Delaware County, May 4, 1928, and July 17, 1929 On soil, 
frequently over rocks and rarely on old wood throughout the 
United States 

Cladonia ptxidata (L ) Hoffm — On sandstone among mosses 
in a ravine of open wood, Stillwater, Payne County, January 
30, 1929, on mossy rocks on north slope, Ripley, Payne 
County, Apnl 26, 1929 On soil or rotten wood throughout 
the United States 

Cladonia ptxidata (L ) Hoffm chlorophaea (Spreng ) Floerke 
— On rocky bank m a wood, and on soil Over old grapevine, 
Dripping Springs, Delaware County, July 17 and 18, 1929, 
on mossy hillside in a wood, Cherokee Lake, Salina, Mayes 
County, July 17, 1929 On soil or rotten wood throughout 
the United States 
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Peltigera polydactyla (Neck) Hoffm — On Boil, Dnpping 
Springs, Delaware County, July 18,1929 On soil throughout 
the United States 

ACAROSPORACEAE 

Acarospora citrina (TayL) Zahlbr —On basalt rock, Black 
Mesa, Kenton, Cimarron County, June 16, 1929 On rocks 
throughout the United States 


LECANORACKAE 

Candelariella vitellina (Ehrh ) Mlill Arg — On basalt rock, 
Black Mesa, Kenton, Cimarron County, June 16, 1929 On 
rocks and old wood throughout the United States 

Lecanora atra (Huds ) Ach — On sandstone, Price's Falls, Mur¬ 
ray County, May 11, 1929 On rocks throughout the United 
States 

Lecanora etfusa (Pers) Ach — On an oak stump, Stillwater, 
Payne County, January 1, 1927 On old wood in Nebraska 

Lecanora hageni Ach — On red oak, Arbuckle Mountains, 
Price's Falls, Murray County, April 21, 1928, on an old log, 
Dripping Springs, Delaware County, May 4, 1928, on black 
sandstone, Stillwater, Payne County, Ap^l 18,1929, on sand¬ 
stone, Antelope Hills, Durham, Roger Mills County, July 28, 
1929 On trees, old wood and rocks throughout the United 
States 

Lecanora muralis (Schreb) Tuck — On rocks on a northeast 
slope, Stillwater, Payne County, January 1, 1927 On rocks 
throughout the United States 

Lecanora faluda (Schreb) Schaer — On dead branches pos¬ 
sibly swamp maple, Grassy Lake, Broken Bow, McCurtain 
County, May 14, 1929 On trees throughout the United 
States 

Lecanora bubina (Lam <k DC) Ach — On sandstone, Still- 
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water, Payne County, February 24,1927 On rocks through* 
out the United States 

Lecanora subfusca (L) Ach — On bark of dead hickory, 
Broken Bow, McCurtain County, May 16, 1929 On trees 
or old wood, rarely on rooks or over mosses, throughout the 
United States 

Lecanora sub ruse a (L) Ach allophana Ach — On bark of 
living ash tree, Price's Falls, Murray County, May 10, 1929 
On trees and old wood throughout the United States. 

Lecanora subfusca (L) Ach caupebtris Schaer — On sand¬ 
stone, Fairfax, Osage County, July 12, 1929 On rocks 
throughout the United States 

Lecanora varia (Hoffm ) Ach — On bark of living tree, Black- 
well, Kay County, April 20, 1929 On trees and rocks 
throughout the United States. 

Lecanora versicolor (Pere) Fink — On conglomerate rock, 
Arbuokle Mountains, Price's Falla, Murray County, May 11, 
1929 On rocks in Iowa, Minnesota, Nebraska, Kansas and 
Missouri 

Urceolaria schupoba (Schreb) Ach — On red sandstone, near 
Ripley, Payne County, January 13,1929 On rooks through¬ 
out the United States. 

PERTU SARI ACEAE 

Pertusaria cobimunis Lam A DC — On flint rook, Cherokee 
Lake, Salma, Mayes County, July 17, 1929 On trees and 
rocks throughout the United States 

Pertusaria multjpuncta (Turn) NyL — On living ash bark, 
Price's Falls, Murray County, May 10, 1929 On trees 
throughout the United States 

PARMELIACEAE 

Candelaria concolor (Dicks) Am —On pecan bark, Still¬ 
water, Payne County, January 1, 1927, on Bumeha ap , 
Stillwater, Payne County, March 3, 1929, on bark of living 
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tree, Price's Falls, Murray County, May 11, 1929 On trees 
throughout the United States 

Parkelia borreri Turn — On oak near Price’s Falls, Murray 
County, April 21, 1928, on bark of living walnut and horse- 
chestnut, and on dead oedar, Price’s Falls, Murray County, 
May 11, 1929, on Bumelta sp , Stillwater, Payne County, 
March 3,1929, on red oak, recently fallen, Dnpping Springs, 
Delaware County, July 17, 1929 On trees and, rarely, on 
rocks throughout eastern United States and westward to the 
Rocky Mountains 

Parmelia capkrata (L ) Ach — On dead cedar, Price's h alls, 
Murray County, April 30, 1920, on red oak recently fallen, 
Dripping Springs, Delaware County, July 17, 1929 On troos, 
old wood and rocks throughout the United States 

Parmelia cetrata Ach — On dead cedar, Price's Falls, Murray 
County, April 30, 1920, on dead branches, possibly swamp 
maple, Grassy Lake, near Broken Bow, McCurtain County, 
May 14, 1929 On trees, old wood and rocks throughout 
the United States 

Parmelia conspebsa (Ehrh) Ach — On sandstone, near Fair¬ 
fax, and near Barnsdall, Osage County, July 12, 1929 On 
rocks and, rarely, on old wood throughout northern United 
States and southward in the mountains 

Parmkua perforata (Wulf) Aoh — On dead ash limb on ground, 
Price's Falls, Murray County, May 10, 1929, on dead cedar, 
Price's Falls, Murray County, May ll, 1929, on dead 
branches, Grassy Lake, Broken Bow, McCurtain County, 
May 14, 1929 On trees and, rarely, on rocks throughout 
the United States 

Parmelia rudecta Ach — On dead branches, possibly swamp 
maple, Grassy Lake, Broken Bow, McCurtain County, May 
14, 1929 On trees and, rarely, on rocks throughout the 
United States 

USNEACEAE 

Ramauna calicaris (L) E Fries — On dead ash limb on ground, 
Price's Falls, Murray County, May 10, 1929 On trees, old 
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wood and, rarely, on rocks in eastern United States and west¬ 
ward to Nebraska and Minnesota 
Uhnea Florida (L ) Web — On oak log, Dripping Springs, Dela¬ 
ware County, May 4, 1928, on dead branches, Grassy Lake, 
Broken Bow, McCurt&in County, May 14, 1929 On trees, 
old wood and, rarely, on rocks throughout the United States 
Usnea Florida (L ) Web 8TRIGOSA Aoh — On red oak reoently 
fallen, Dripping Springs, Delaware County, July 17, 1929 
On trees and old wood from Maine to Iowa and southward 
to New Mexico 


TELOSCHISTACEAE 

Blastknia 1 FKRRUGtNKA (Huds) Am — On sandstone, Still¬ 
water, Payne County, February 24, 1927 On trees, old wood 
and rocks throughout the United States 

Caloplaca * aurantiaca (Lightf) T Fries — On bark of living 
cottonwood, Stillwater, Payne County, April 9, 1929, on 
bark of living trees, Price's Palls, Murray County, May 11, 
1929 On trees, old wood and rocks throughout the United 
States 

Caloplaca camftidia (Tuck) Fink — On dead branches, pos¬ 
sibly swamp maple, Grassy Lake, Broken Bow, McCurtain 
County, May 14,1929 On trees and wood throughout eastern 
United States and westward to Illinois, and in Texas and 
Oregon 

Caloplaca cerina (Hoffm) T Fries — On hard red sandstone 
and soft blue sandstone, Stillwater, Payne County, January 1, 
1927 On rocks, trees and, rarely, on old wood throughout tho 
United States 

Caloplaca cinnababina (Ach ) Zahlbr — On hard red sandstone 
and rocks, Stillwater, Payne County, January 1, 1927, on 
basalt rock and on sandstone, Black Mesa, Kenton, Cimarron 
County, June 16, 1929, on sandstone, Antelope Hills, Dur¬ 
ham, Roger Mills County, July 28, 1929 On rocks through¬ 
out the United States 


* Under Caioplacaoeae In classification by Zahlbruokner 



109 


Lichens from Oklahoma 

Caloplaca citrina (Hoffm ) T Fries — On sandstone, Antelope 
Hills, Durham, Roger Mills County, July 28,1929 On rocks 
and mortar throughout northern United States and extending 
southward 

Caloplaca eugyra (Tuck) Fink — On conglomerate rocks, 
Price's Falls, Murray County, May 11, 1929 On rocks in 
Texas and Colorado 

Caloplaca muhorum (Hoffm ) T Fries — On limestone, Price's 
Falls, Arbuckle Mountains, Murray County, April 22, 1927, 
on sandstone, Price’s Falls, Murray County, May 11, 1929, 
on sandstone, Antelope Hills, Durham, Roger Mills County, 
July 28,1929 On rocks m northern United States and south¬ 
ward to Arisona 

Caloplaca siDEHrnfl (Tuck) Fink — On sandstone, Stillwater, 
Payne County, January 1,1927 On rocks in northern United 
States and, rarely, southward 

Telobchistkb chrysophthalmub (L ) T Fries — On Bumelui sp , 
Stillwater, Payne County, March 3, 1929 On trees and old 
wood throughout the United States 

PHYSCIACEAE 

Physcia adglutinata (Floerke) Nyl — On pecan bark, Still¬ 
water, Payne County, January 1, 1927, on bark of living 
black walnut, Blaokwell, Ray County, April 20, 1929 On 
trees and shrubs throughout the United States 

Physcia obsgura (Schaer ) NyL — On bark of living tree, Price's 
Falls, Murray County, May 11, 1929 On trees, wood and 
mosses throughout the United States 

Physcia stbllakib (L ) Nyl — On bark of elm, living cotton¬ 
wood, living black locust, living walnut and Bumdia sp , 
Stillwater, Payne County, January 1, 1927, March 8, 1927, 
March 3,1929, April 9, 1929, on rocks, sandstone, dead cedar 
and living trees, Arbuckle Mountains, Price’s Falk, Murray 
County, April 21, 1928, May 11, 1929 On trees and rocks 
throughout the United States 

Physcia tehbtiuecula (Aoh) Fink — On sandstono, Fairfax, 
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Osage County, July 12, 1929 On rocks in Minnesota, Iowa 
and North Dakota 

Uniywuutt or Michigan 
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INHERITANCE STUDIES OF WHITE-CAPPING 
IN YELLOW DENT MAIZE II * 

CHANDRAKANT G KUUCARNI 
INTRODUCTION 

TN A previous paper (1926) it was shown that white-capping 

{Wc) ia dent corns is due to a ringle Mendeliap factor This 
factor is dominant to yellow-capping (ipcY) in the first generation 
and segregates in the second in a 3 1 ratio of white-capped grains 
to yellow-capped Silver King, a white dent corn {Wc y) } when 
crossed to Bailey Connecticut Yellow (u>cY)j Rives Fj ears having 
all white-capped grains When these Fi kernels are self-pollinated 
the next year, a ratio of 9 white-capped 3 yellow 4 white is 
obtained This shows that Silver King carries a white-capping 
factor {Wc) which is not expressed in the absence of yellow 
endosperm 

White-capped yellow kernels show that the characteristic yel¬ 
low pigment of the endosperm is entirely lacking in the cap region 
at the crown This proves that white-capping is a condition of 
the endosperm brought about by the action of the inhibitor {Wc) 

PREVIOUS WORK ON THE ENDOSPERM COLORS IN MAIZE 

Early studies on the inheritance of endosperm colors in maize 
were carried on by Correns (1899, 1901) and Lock (1906) As 
interpreted by these authors, yellow endosperm in maize is de¬ 
termined by the presence of a factor for yellow, in the absence of 
which endosperm remains white East (1910) and East and Hayes 
(1911) observed 15 1 ratios and reported two factors for yellow 
endosperm, each behaving when crossed with its absence as an 
independent allelomorphic pair These yellows were of a similar 

* Paper from the Department of Botany of the University of Michigan, 
No 885* 
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nature and they were considered to result from duplicate genes, 
although the investigators state that it was unpossible always to 
classify pale yellow endosperm seeds correctly On the basis of 
this work, the inheritance of yellow endosperm oolor in maize is 
cited by Shull (1914) and others as one of four characters for which 
evidence of duplicate genes has been definitely established Emer¬ 
son (1911) also describes two factors for the yellow endosperm, one 
for a deep or golden yellow and the other for a pale yellow White 
(1917) reported a factor for white endosperm (WA) 1 which is 
dominant to both the deep yellow and pale yellow, but the domi¬ 
nance is not complete Kvakan (1924) described a brown aleurone 
color (Bn) in manse He shows that this brown aleufone is the 
same as the pale yellow endosperm described by East and Emerson, 
and concludes that the two yellow colors in the endosperm oould 
not result from duplicate genes, as was supposed by East and Hayes 
Anderson (1924), working with yellows of various intensity, con¬ 
cluded that thore are two endosperm colors m maize, one a dark 
yellow and the other a pale yellow In addition to the two factors 
for the yellow endosperm Anderson noted other factors which he 
classified as modifying factors Hayes and Brewbaker (1926) report 
three factors for yellow endosperm color The data presented by 
these authors indicate that all these factors are located In chromo¬ 
some VIII, as designated by Lindstrom (1923) 

F| AND F* DATA OF THE CROSS SILVER KINO (IFc y) X 
BAILED CONNECTICUT YELLOW (u>C F) 

The F* white-capped seeds, when self-pollinated the following 
year, gave in their progeny 8 ears that had all white-capped ker¬ 
nels, 20 ears gave a ratio of 3 white-capped 1 yellow-capped and 
9 ears gave a ratio of 9 white-capped 3 yellow-capped 4 white 
grains 

Fifty-three ears were obtained by self-pollinating the F* yellow 
seeds Thirty-nine of these had all yellow kernels, whereas the 
remaining 14 gave a ratio of 3 white-capped 1 yellow 

1 la White’s paper this factor was designated as A, but since factor A 
is used to denote the oolor of aleurone and plant in raaise (Emerson, 1918, 
1921), it was later designated WK, 
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The white kernels of Ft generation on self-pollination gave 
03 ears and all had white seeds only 

The F* data of the cross Silver King (Wc y) X Bailey Connecti¬ 
cut Yellow (tucY) reviewed above are exactly what should be ex¬ 
pected on the basis that white-capping in dent corns is due to a 
single Mendelian factor 

The F 4 ears obtained from self-pollinating the F 8 kernels of 
the various phenotypic classes also gave ears which showed that 
white-capping (Wc) is duo to a single Mendelian factor 

INHERITANCE OF WHITE-CAPPING IN “ DOUBLE-CROSSED 
BURR LEAMING” 

A variety of corn called “Double-crossed Burr Learning 0 was 
received from Dr D F Jones of the Connecticut Agricultural 
Experiment Station This corn is white-capped and has lemon- 
yellow endosperm These white-capped kernels presumably came 
from the cross Burr X Learning The former is a white com and 
the latter a yellow These kernels on self-pollination gave 30 
ears, of which 9 were classified Seven of them gave a ratio 
of 1839 white-capped 595 yellow-capped 800 white seeds The 
deviation from the expected 9 7 ratio is 10 5 ± 19 02, and is not 
significant A classification of these self-pollinated ears is given 
in Table I The 2 remaining ears gave a ratio of 452 white- 
capped yellow 158 yellow-capped Beeds The deviation from 
the expected 3 1 ratio is 5 5 ± 7 21 A classification of those 
two cars is given in Table II These results indicate that the Burr 
com also carries a white-capping factor (Wc), which is not ex¬ 
pressed in the absence of yellow 

F| ears obtained from self-pollinating the seeds of the various 
Fj phenotypic classes substantiate the hypothesis that white¬ 
capping it due to a single Mendelian factor 

INHERITANCE OF WHITE-CAPPING IN NORTHWESTERN DENT 

Northwestern dent com, with a colored pericarp except in the 
cap region, was selected for the white endosperm and crossed with 
Duncan yellow (tccY) The Fi grainB from the ears of this cross 
were all white-capped yellow When these grains were self- 
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pollinated the following year they gave a ratio of 4902 white- 
capped 1661 yellow 2021 white seeds The deviation from the 
expected 0 7 ratio is 79 3 ± 30 95, and is not significant These 
results are summarised in Table ifl They indicate that in this 
case also white-capping is due to a Mendehan factor 

INTERRELATIONS OF THE WHITE-CAPPING FACTORS 
FROM VARIOUS SOURCES 

Clement's white cap, which has an orange-yellow under color 
{Wc Y) when crossed to Folk's white cap, which has a lemon-yellow 
under color, gives in Fi all white-capped grains The white caps 
on these Fi ears are similar to those of the Clement's white cap 
and Folk's white cap The endosperm of these seeds, however, is 
lemon-yellow This has been explained by the fact that endosperm 
is tnploid In constitution, the endosperm nucleus of the embryo sac 
being diploid The reciprocal cross also gives white oaps on F t 
indistinguishable from either parent, but the endosperm of these 
seeds is orange-yellow 

Clement's white cap X Connecticut white cap (Double-crossed 
Burr Learning) and the reciprocal cross give nothing but the white 
caps in Fi These white caps are indistinguishable from those of 
either parent 

Folk's white cap X Connecticut white cap give m Ft white- 
capped kernels with lemon-yellow under color The white caps 
on these F t kernels are similar to those of the Folk's white cap on 
one hand and the Connecticut white cap on the other 

The results of the intercrosses between the various varieties 
of white caps indicate t^at the white caps of the Clement’s white 
cap, Folk's white cap, Silver King, Burr and Double-crossed Burr 
Learning (Connecticut white cap) are phenotypically and geno¬ 
typically the same 

THE RELATION OF THE WHITE CAP TO DOMINANT 
WHITE ENDOSPERM 

Dominant white endosperm X white cap gives in Fi ears whose 
seeds are all white-capped A ratio of 1620 white-capped 603 
white seeds was obtained from self-pollination of F* seeds in a olas* 
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location of six ears The deviation from the expected 3 1 ratio is 

2 75 db 13 14 and Is not significant An analysis of the F t seeds of 
this cross is presented in Table IV 

These results show that white-capping is also dominant to the 
dominant white endosperm in the first generation and segregates 
in a simple Mendelian ratio in the second 

THE BELATION OF THE WHITE CAP TO YELLOW FLINT 

In order to determine the relationship of yellow flint, white cap 
was crossed with it The Fi ears of this cross had all white-capped 
seeds Three Fj ears were obtained by self-pollinating the F* 
white-capped seeds On classification these ears gave 1106 white- 
capped seeds 380 yellow seeds The deviation from the expected 

3 1 ratio is 8 5 ± 11 24 and is not significant The results of the 
claarifioation of the Ft seeds are presented m Table V 

This shows that white-capping is also dominant to yellow flint 
in Fi and segregates in a mono-hybrid ratio in F, 

NOMENCLATURE 

The factor pairs referred to in this paper and their conventional 
symbols are listed below 

A a Anthocyawn pigment A factor pair which affect* the pigmenta¬ 
tion of aleurone, sheaths, leaves, anthem, etc (Emerson, 1918, 
1921) 

B b Sun red plant color (Emereon, 1921) 

Bo bn Brown aleurone (Kvakan, 1924) 

O e Color of aleurone (East and Hayes, 1911, Emerson, 1918) 

Q g Golden plant color (Lindstrom, 1918) 

J J Japonica-striped leaves (lindstrom, 1918) 

Lg lg Iigule (Emerson, 1921) 

P p Color of pericarp (Emerson, 1917) 

PI pi Purple plant color (Emerson, 1921) 

Ha ra Hamosa ears (Gernert, 1912) 

8h sh Texture of endosperm (Hutchison, 1922) 

8u su Texture of endosperm (East and Hayes, 1911) 

Tu tu Tunicate ears (Eyeter, 1922) 

Wc wo White-capping (Kulkami, 1928) 

Wh wh Color of eodoepem (White, 1917) 

Ws ws White sheaths (Kempton, 1921, Clerk, 1928) 

Wx wx Texture of endosperm (Collins, 1909) 

Y y Color of endosperm (East and Hayes, 1911, Emerson 1921) 
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LINKAGE RELATIONS OF WHITE-CAPPING 

When it was definitely found that the white-capping factor is 
inherited in a simple Mendelian way and that the white-capping 
in the various varieties of com investigated was due to the same 
factor, it was thought desirable to investigate the relations of this 
factor to the other factors in different linkage groups of maize 

Since white-capping does not show on white seeds and is domi¬ 
nant to yellow seeds, all the testers must have yellow endosperm 
color 

Relation of ( Wc) to C } sh t wx group 

In order to ascertain the relationship of Wc factor to C factor, 
it was crossed with yellow C tester The Fj hybrids thus obtained 
were crossed with the double recessive (cY) Four backcross 
progenies gave 856 purple and 832 white-capped yellow and yellow 
seeds (Table VI) The deviation from the expected 1 1 ratio is 
12 00 ± 13 85 and is not significant 

White-capped yellow was crossed with the pollen of yellow 
shrunken and the f/s thus obtained were backcrossed with the 
double recessive The results of these backcrossee Eire shown in 
Table VII Nine backcrosses gave 2567 seeds of parental com¬ 
binations and 2634 recombinations The deviation from the ex¬ 
pected 1 I ratio is 33 5 ± 24 30 and is not significant This 
indicates that the factors Wc and sh are independently inherited 

Relation of white-capping (Wc) to R, l, g, pg t group 

White-capped yellow ( WcY) was crossed with the pollen from 
yellow golden (Yg) plants and the F/s wore backcroaped with the 
double recessive (Yg) Five backcross progenies gave 247 plants 
of parental combinations and 231 of recombinations (Table VIII) 
The deviation from equality of 8 00 dt 7 37 suggests that Wc and 
g segregate independently 

Relation of while-capping (Wc) to *u, Tu group 

Crosses were made involving WcY and su Y The F^s were 
then backcrossed with the double recessive (su Y) Ten such 
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backcrosaea on classification gave 1774 seeds of parental combina¬ 
tions and 1791 seeds of recombinations (Table IX) The deviation 
from the expected 1 1 ratio is 8 5 20 13 and is not significant 

This shows that Wc and ru are inherited independently 

WcY eras crossed with Tu Y and the resulting hybrid was 
backcrowed with the double recessive tu Y Four backcross 
progenies gave 117 plants of parental combinations and 132 of 
recombinations (Table X) The deviation from the expected 
1 1 ratio, 7 5 ab 5 32, indicates that Wc and Tu are inherited 
independently 

Relation of white-capping ( Wc ) to Y, Pl } nrn group 

Plants from white-capped yellow endosperm seeds (WcY) were 
crossed with yellow endosperm brown plants (a B PI Y) The 
Fi hybrids resulting from this cross were then crossed with the 
pollen of yellow endosperm dilute sun-red (A b pi Y) plants m 
order to test the linkage of white-capping factor (Wc) with B and 
PI factors for plant colors A classification of the plants from 
these bftokcroseea is presented In Table XI For B factor the 
plants of these backcrosses gave 368 plants of parental combina¬ 
tions and 373 of recombinations The deviation from equality 
is 2 5 dt 9 18 and is not significant Classification of plants with 
respect to PI factor gave 364 plants of parental combinations and 
377 of recombinations. The deviation from the expected 1 1 
ratio is 6 6 ± 9 18 and is not significant Thesy results show that 
white-capping (Wc) is linked with neither B nqr PI 

Relation of white-capping (Wc) to lg t B , $k t Tn lt t A group 

Additional data were obtained regarding the independent in¬ 
heritance of white-capping factor and B group of linked factors 
Lg , which Is known to be linked with £, was crossed to the white- 
capped yellow The hybrid* were then crossed with the pollen of 
the double recessive (F lg) A classification of the plants from these 
backcrosses is given in Table XII Of the 491 plants observed 
from these backcrosses 268 plants were parental combinations and 
233 recombinations. The deviation from equality of 12 5 db 7 47 
suggests independent inheritance of Wc and lg 
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Relation of whtte-capptng (Wc) to P, hr, f group 

In order to test the linkage of Wc with P factor, Wcy was 
crossed with red-cobbed white yellow endosperm (P Y) The F s 
hybrids thus obtained were then crossed with the pollen of white- 
cobbed yellow ( Y p) A classification of ears from these backcroeses 
gave 210 ears of parental combinations and 275 of recombinations 
(Table XIII) The deviation from the expected 1 1 ratio is 
82 5 ± 7 43, which is 4 4 times the probable error Although the 
deviation is large, it is believed not to be significant because the 
recombination group is in excess of the parental group This 
shows that Wc and P segregate independently 

Relation of whtte-capptng ( Wc ) to A group 

White-capped yellow endosperm plants (Wc Y) were crossed 
with brown plants (a B PI Y) The F\ hybrids were then croesed 
with the pollen from brown plants (a B PI Y) A classification 
of plants from ten such backorosses gave 408 plants of parental 
combinations and 411 plants of recombinations (Table XIV) The 
deviation from the calculated 1 1 ratio is 6 5 ± 9 65 This sug¬ 
gests the independent segregation of Wc and A factors 

Relation of white-capping (Wc) to Bn, gl , t*, Ra group 

Plants originating from white-capped yellow seeds (Wc F) were 
crossed with the pollen from yellow endosperm ramosa (Y Ra) 
plants The Fi hybrids thus obtained were self-pollinated the 
next year F* progenies of two pedigrees Involving the interrela¬ 
tions of these two factors are shown in Table XV White-capped 
yellow seeds gave 175 normal and 50 ramosa plants. The deviation 
from the calculated 3 1 ratio was only 6 25 ± 4 38 The yellow 
seeds gave 60 normal and 20 ramosa plants The deviation in 
this case was 00 =fc 2 61 These results show the free segregation 
of Wc and Ra 

Miscellaneous linkage tests 

White-capped yellow (WcY) was crossed from the pollen from 
white-sheath (t os) plants (Kempton, 1021, Clark, 1926) The 
Fi hybridfl were then backcrossed with the double recessive (F xos) 
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Four such backcross progenies gave 224 plants of parental com¬ 
binations and 190 of recombinations (Table XVI) The de-nation 
from equality of 17 00 =fc 6 86 suggests that Wc and u* are not 
olosely linked 

Plants originating from white-cap yellow endosperm (Wc Y) 
were crossed with the pollen of yellow japonica (7 j) The hybrids 
thus obtained were backcrossed with the pollen of the double re- 
oeesive yellow japonica (Y f) Only one pedigree was grown, which 
gave 86 plants of parental combinations and 73 plapte of recombi¬ 
nations The deviation from the calculated 1 1 ratio is 6 6 ± 4 26 
and is not significant This shows that Wc and j are inherited 
Independently 


BUUMABY 

1 White-capping factor (Wc) is shown to be dominant to 
dominant white endosperm ( Wh ) and yellow flint in F L and segre¬ 
gates in a mono-hybrid ratio in F* in both cases 

2 White-capping (Wc) of all the varieties investigated is geno¬ 
typically and phenotypically the same 

3 White-capping (Wc) is not linked with C, sk, wx t g, su, Tu, 
B, Ig, PI, A, P, Ra, wa and j 
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TABLE I 

I PROOBNY QT T1IC SfeUiPOLUtiATtP SSEDB OF 
DOCVLB~<7ftO«&JU> Bt/Wt Lea MING 



j Yellow 


Pedigree No 

White-cap 

Yellow 

Yellow 

(Y) 

White 

(y) 


(WoY) 


4—4 

383 

123 

166 

4-32 

207 

62 

82 

4-43 

266 

81 

114 

4-43 

243 

78 

110 

4-32 

231 

80 

103 

4-68 

321 

101 

137 

4-45 A 

184 

61 

87 

Total 

1892 

320 

806 

Calculated 9 7 

1822 5 

1417 5 

Deviation 

16 5 ± 19 02 



TABLE II 

Peoobny or the Self-Pollinated Seed* or 
Double-crossed Burr Lbawinq^ 


Pedigree No 

White-cap 
yellow 
(Wc Y) 

- —r ■ ■ .. 

Yellow 

(Y) 


203 

72 


242 

86 

Total 

432 

138 

Calculated 3 1 

437 5 

132 3 

Deviation 

5 5 ± 7 21 
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TABLE III 


Fi Pbooknt or tub Cross Dtincan (wV) X Northwestern Dent ( WcY ) 


Pedigree No 

Wbite-cap 

Yellow 

(WcY) 

Yellow 

(Y) 

White 

(y) 

9H1 

271 

94 

106 

9-24 

321 

112 

137 

9-27 

311 

110 

135 

9-34 

274 

88 

110 

9-35 

381 

128 

159 

9-46 

322 

106 


9-47 

425 

145 

1 

9-54 

396 

129 


9-61 

314 

107 


20 1 

$12 

105 


10-4 

295 

95 


10-7 

309 

101 


10-10 

390 

138 

-v .. BRi^Kr- 

10-18 

315 

104 


10-22 

266 

89 

112 

Total 

4902 

1651 

2021 

Calculated 9 7 

4823 1 

3751 3 

Deviation 


79 3 =b 30 95 


TABLE IV 


Ft Data or tku Cross Whitb-Cap Ybllow (Wc Y) 
X Dominant Whit* Endosperm (WA) 


Pedigree No 

White-cap 
yellow 
(Wc Y) 

White 

(Wh) 

885-4 

385 

104 

385-14 

241 

81 

385-15 

190 

73 

887-18 

312 

124 

887-15 

392 

122 

Total 

1520 

508 

Calculated 3 1 

1517 25 

505 75 

Deviation 

2 75 i 

; 18 14 
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TABLE V 

Data or thb Chom Whitb-Cap Ybllow {We Y) 
X Yellow Flint (wc Y) 


Pedigree No 

White-cap 
yellow 
(Wc Y) 

'bellow 

(Y) 

388-10 

334 

119 

388-15 

396 

136 

388-18 

376 

125 

Total 

1106 

380 

Calculated 3 1 

1114 5 

371 5 

Deviation 

8 5 i: 11 24 


TABLE VI 

FaoQKNJW or the Backcbom {€ We Y X cY) XcY 


Pedigree No 

Purple 

(C) 

Yellow (Y) and white-cap Yellow WoY 

Yellow and 
white-cap 
yellow 

(c) 

White-cap 

yellow 

(WoY) 

Yellow 

(Y) 

35-2 X 77-12 

226 

202 

96 

■M 

35-6 X 77-19 

233 

232 

102 


35-10 X 77-20 

197 

192 

98 


35-18 X 77-20 

200 

206 

83 

KB 

Total 

856 

832 

379 

453 

CelouUtadl 1 

844 

844 

416 

416 

L ;■ . -| 

Deviation 


37 00 ± 9 73 
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TABLE VII 


Proo skies or ran Backckom (ShWe Y X ik Y) X »h Y 


Pedigree No 

Parental 

combinations 

Reeombmations 

Wc Sh 

wc eh 

Wc sh 

wo Sh 

30-2 X 77-5 

141 

152 

■RH 

153 

30-4 X 77-4 

155 

125 


158 

30-16 X 77-3 

173 

174 


169 

30-39 x 77-0 

125 

106 


133 

30-42 X 77-6 

143 

147 


156 

30-46 X 77-7 

137 

130 

-WF^M 

137 

30-48 X 77-7 

106 

116 

112 


30-49 X 77-8 

145 

147 

146 

141 

30-50 X 77-8 

178 

172 

179 

164 

Subtotal 

1298 

1269 

1815 

1319 

Total 

2567 

2834 

Calculated 1 1 

2600 5 

2800 S 


Deviation 83 5 ± 24 3 


TABLE VIII 


pBoaxmeft OF thx Bacxceom {Q Wc Y X o Y) X Q Y 


Pedigree No 

Parental 

combinations 

Reoombinations 

WoG 

weg 

Wc g 

wc G 

27-5 X 87-9 

37 

40 

34 

35 

27-2 X 87-1 

26 

23 

23 

24 

27-23 X 87-5 

16 

24 ; 

15 

20 

27-1 X 87-7 

23 

17 

23 

20 

27-15 X 87-1 

18 

23 

10 

21 

Subtotal 

120 

127 

111 

120 

Total 

247 

231 

Calculated 1 1 

239 

239 

Deviation 

8 OOd 

b 7 87 
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TABLE IX 

PsooicNie* or th* Backcaom (5v Wc Y X in Y) X su Y 


Pedigree No 

Parental 

combination! j 

Recombination ■ 

Wc Su 

WC BU 

Wc su 

wc Su 

221-1 X 289-3 

77 

74 

65 

71 

221-27 X 280-23 

87 

98 

99 

96 

221-4 X 289-3 

93 

90 

92 

93 

221-29 X 289-1 

93 

01 

95 

88 

289-23 X 221-6 

71 

67 

66 

76 

812-11 X 289-23 

113 

105 

107 

100 

312-10 X 289-23 

90 

77 

98 

80 

312-12 X 289-2 

04 

83 

85 

89 

312-15 X 289-14 

103 

107 

108 

114 

312-17 X 289-12 

79 

82 

83 

77 

Subtotal 

900 

874 

898 

893 

Total 

1774 

1791 

Calculated 1 1 

1782 8 

1782 6 

Deviation 


8 5 ±20 13 



TABLE X 

PnooBNira or thb Backcbos* (fu fc V X Tv K) X tu T 


Pedigree No 

Parental 

combinations 

^Reeombi nations 

Wc Tu 

wo tu 

Wc tu 

wc Tu 

1 h6 X 51 *4 

20 

19 

80 „ 

24 

1-84 X 51-6 

14 

15 

15 

22 

1-30 X 51-3 

17 

17 

16 

17 

1-24 X 51-12 

10 

5 

3 

5 

Subtotal 

61 

56 

64 

68 

Total 

117 

132 

Calculated 1 1 

124 5 

124 5 

Deviation 

7 5 ±5 32 
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TABLE XII 


Progenies or thu Baokcrosb {JLq Wc Y X lg Y) X lg Y 


Pedigree No 

Parental 

combinations 

Recombinations 

Wc Lg 

wc lg 

Wc 1* 

wc Tg 

200-36 X A 5072-11 

34 

23 

24 

26 

200-30 X A 5072-7 

29 

26 

80 

23 

204-15 X 302^5 

56 

87 

53 

33 

208-3 X 202-4 

25 

28 

17 

27 

Subtotal 

144 

114 

124 

109 

Total 

258 

233 

Calculated 1 1 

245 5 

245 5 

Deviation 

12 5 ± 7 47 


TABLE XIII 

Phogehixb or the Bacxcrom {P Wc Y X P Y) X V Y 


Pedigree No 

Parental 

combinations 

Recombinations 

Wc P 

wo p 

Wop 

wo P 

140-4 X 147-30 

23 

18 * 

25 

26 

146-3 X 147-80 

27 

16 

29 

39 

306-8 X 147-47 

21 

25 

32 

39 

819-6 X 147-37 

32 

22 

26 

26 

806-1 X 147-44 

18 

8 

20 

13 

Subtotal 

121 

89 

132 

143 

Total 

210 

275 

Calculated 1 1 

242 5 

242 5 

Deviation 

32 A =fc 7 43 
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TABLE XIV 

Progenies or im Bacecross (A Wc Y X o B Pi K) X ft B PI Y 


Pedigree No 

Parental 

combinations 

Reoombi nation* 

Wo A 

wo a 

Wc a 

wc A 

25-2 X 91-2 

11 

13 

28 

20 

26-0 X 91-7 

18 

21 

24 

12 

26-09 X 91-2 

15 

9 

8 

12 

26-4 X 91-2 

22 

21 

18 

13 

39-17 X 91-12 

12 

25 

25 

17 

39-2 X 91-12 

10 

26 

27 

15 

30-0 X 91-15 

17 

2$ 

21 

32 

39-23 X 91-13 

0 

22 

21 

11 

43-fi X 91-15 

13 

10 

15 

10 

44-7 X 91-12 

24 

17 

23 

17 

44-fi X 91-10 

26 

23 

19 

28 

Subtotal 

182 

221 

229 

187 

Total 

403 

| 416 

Calculated 1 1 

409 6 

409 5 

Deviation 


8 5 ±9 05 



TABLE XV 

F» PftOOIBKIM or THE CltOi* (fO Wc Y X fta Y) 



rrr.'T. ■ n— 1 —is 

Number of 

plant* from 

Number of 

f 

ST 

I 

■ 

Pedigree No 

| white-capped reed* j 

yellow 

reed* 

Wc Ra 

Wc ra 

wc Ra 

wc ra 

308-1 

89 

25 

27 


308-2 

86 

25 

34 

9 

Total 

175 

00 

61 

19 

Calculated 8 1 

168 75 

56 25 

60 

20 

Deviation 

0 25 4 

b4 38 | 

00 ±3 61 
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TABLE XVI 

PROOIKU* or THK Bxcnccaoea (W* Wc Y X W* Y) X tto Y 

Recombinations 

Wc we | wc W» 

18 
0 

10 
9 

43 I 147 


Deviation 17 00 ± 8 80 



Pedigree No 


Parental 

combinations 



153-7 X 301-10 
317-1 X 301-14 
317-0 X 801-14 
153-31 X 301-5 


Calculated 1 1 


issee 


















THE WATER SUPPLY OF THE EPIDERMIS 
OF LEAVES* 

CAKL D La RUE 

walking through a dry wood on an August day (1929) 
the writer noticed that the leaves of plants of Mxtckella 
repent had a curious appearance The epidermis on the lower side 
of the leaf appeared to be puffed out and separated from the meso- 
phyll and completely unattached except along the midrib and at 
the leaf margin A number of plant* were examined in which all 
except the youngest leaves had the lower epidermis and one layer 
of cells above it separated from the mesophyll The layer imme¬ 
diately adjoining the epidermis was attached to it rather firmly 
and had thick cellulose walls In the older loaves this layer had 
no connections with the mesophyll at all 

The unusual separation of the epidermis and the layer of cells 
next to it from the mesophyll raised the question as to how these 
cells secured a supply of water and also of food It seems that 
this supply must come from the midrib and from the veins along 
the leaf margins, since there is no opportunity for a transfer 
through the mesophyll Presumably, in most'leaves the water 
and the food travel through the cells of the spongy parenchyma 
by the shortest route to the epidermal cells Thus far the writer 
has been able to find no discussion in the literature which bears 
on this point, perhaps because for most leaves the process is 
obvious But in these leaves the usual channels are cut off It 
may be that a certain amount of water is secured by the cells in 
question by condensation from the air, particularly at night when 
the humidity is high In the case of the leaves described above 
this seems doubtful because of the dry weather and the drought 

• Paper from the Department of Botany of the University of Michigan, 
No 333 


131 



132 


Carl D La Rue 


of the surrounding air In times of more abundant rainfall the 
condensation may well supply the rather snail amount of water 
which these cells should require It should be remembered that 
the epidermal cells are rather heavily cutinired on the outside and 
so give off water to any extent only on the inner surfaces of the 
cells The layer beneath the epidermis is not cutimsed at all and 
these cells must have a much higher rate of water loss than those 
of the epidermis It is uncertain whether these cells can secure 
sufficient water by condensation and by absorption of water vapor 
to keep them alive in periods of drought That they were alive 
was shown by the microscopic examination which proved that 
they were in perfectly normal condition Therefore, it seems 
reasonable to suppose that water, as well as food, is supplied by 
transverse conduction from the midrib and from the vascular 
bundles along the margins of the leaves 

To see whether leaves of other species showed a similar con¬ 
struction of the lower epidermis, examination was made of many 
plants of the local flora and of exotics in the greenhouses of the 
University of Michigan Botanical Gardens, in those at Belle Isle, 
Detroit, and in several belonging to commercial firms None were 
found that were quite the same, but a few had areas of loose epi¬ 
dermis along the midribs and along the main veins This condi¬ 
tion was seen in Betula alba papyrtfera, Hieracium venosum, Aster 
laems and Rhus borealis Leaves of the first three of these species 
were imbedded and sectioned Study of the sections showed some 
slender strands of spongy parenchyma between the epidermis and 
the mesophyll proper, but these were few and in decided oontrast 
to the well-developed connections of the epidermis with the mid¬ 
ribs and the veins 

Saxtfraga sarmenioso was found to have white stripings on the 
upper surfaces along the veins They are due to the fact that these 
areas are slightly raised from the underlying palisade cells How¬ 
ever, these He directly above the veins and are not in connection 
with than, but must get their water supply by transverse flow 
from the adjoining cells on either side 

Kraemer, in his text, Applied and Economic Botany , figures a 
cross-section of a leaf of digitalis which shows a separated or addi- 
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tfonal layer of epidermis along the midrib This layer is entirely 
separated from the remainder of the leaf except at its outer edges 
and bears both glandular and non-glandular hairs on its surface 
From Kraemer's figure the layer beneath this extra epidermis 
appears to be exactly like the lower epidermis elsewhere on the 
leaf If these epidermal oells are outinised, as they appear to be, 
this extra layet must secure its water supply by transverse 
flow from its edges, and in addition to supplying the water lost 
by transpiration from the surfaces of the cells it must also furnish 
water to the hairs, glandular and non-glandular 

Some evidence of the ability of epidermis to survive without 
connections with the mesophyl] was gained from the burrows of 
various leaf-minors which eat out the mesophyil, leaving the epi¬ 
dermis intact above and below the burrow The writer recalls a 
beautiful example of this in a species of Fhyilanthus in Sumatra 
in which the leaf-miner removed practically all the green tissue 
The main veins were left intact and the miner passed around these 
at the outer ends, where they were thin enough to allow it to 
crowd between the vein and the epidermis Nothing was left of the 
leaf except a shell of epidermis and the most prominent veins, but 
the leaves did not wither, they remained intact for some time 
No such oompletc mining of leaves has been observed in Michi¬ 
gan, but a number of species of plants show leaf mines of lesser 
extent and these were Btudied with some care Extensive mines 
which isolated either the upper epidermis, the lower epidermis or 
both upper and lower epidermis, were observed*! n leaves of Snuta¬ 
ct no ractmota, Catalpa btgnorundes, Laetuca ecanola, Rumex ertspus, 
the cultivated Columbine and the hollyhock In all these plants 
the isolated patches of epidermis were intact and appeared to be 
normal in all respects Leaves of Quercu* alba wore found which 
had very extensive leaf mines which isolated tracts of epidermis 
more than an inch square However, the epidermis over such 
mines did not survive very long, but became dry and withered, 
although it remained alive for perhaps three weeks 

Narrow tunnels made by miners were often observed in leaves 
of Populus grandi dentate, Populu* tremuUnde* and Arctostaphylo* 
The epidermis over these tunnels usually appeared to 
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bo alive, although portions were found which were dead Mines 
of another type were found on Populua grandidentala which were 
much wider than the so-called tunnels Over these the epidermis 
was alive, or at least it appeared to be alive and normal Portions 
of leaves with such tunnels were fixed, imbedded and sectioned to 
determine the real condition of the epidermis It was found that 
the epidermis above and below the mines was exactly like that on 
undisturbed portions of the leaf It was interesting to note that 
the miner seemed to discriminate between different portions of 
the loaf In many leaves the insect ate only the spongy paren¬ 
chyma and the lower pahsado cells,, and left the upper row of pali¬ 
sade cells unharmed In other parts of the burrow all the palisade 
Was eaten and the upper epidermis was left isolated The layer 
of mesophyll immediately inside the lower epidermis was never 
eaten This layer consists of one row of cells which have thicker 
walls than the other cells of the spongy parenchyma and it may 
be that these are too tough to be relished by the larvae When 
the lower epidermis is isolated, it is subtended by a second layer 
of cells, as is the case in Mitchella All the cells m both layers 
appear to be undisturbed by the removal of the mesophyll inside 

On Aster loans a loaf-spot due to an unidentified smut fungus 
was found in which both the upper and the lower epidermis ap¬ 
peared to be pried loose from the mesophyll On this account 
the epidermis looked white because of the air extruded, but ap¬ 
parently it remains alive until ruptured by the mass of spores 
extruded Spots with immature spores were imbedded, sec¬ 
tioned and studied Patches of epidermis of considerable extent 
were found to be completely separated from the mesophyll by the 
growth of the fungous tissue and abnormal leaf cells In this leaf 
there was no layer of mesophyll cells which separated from the 
other oells of the spongy parenchyma and remained attached to 
the lower epidermis, as in the other leaves which were sectioned, 
but the epidermis, both above and below, was separated cleanly 
from the mesophyll The condition of the separated epidermis 
was in no visible way different from that of the epidermis of 
normal parts of the leaf 

Paraffin sections across leaf mines in leaves of Arctostapbyloa 
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uwhurn showed that, though the epidermis over the mines fre¬ 
quently remained alive and unchanged, it sometimes became brown 
and abnormal in appearance and sometimes died and withered 
It is apparent from the examination of vanouB leaves that the 
epidermis may be able to survive without connection with the 
mesophyll, either when the separation is natural, as in Saxifrage 
sarmentosa and MxtcheUa repens, or when it is caused by the growth 
of a fungus or by the burrowing of an insect The last two types 
of separation might be suspected of causing some injury to the 
epidermis, but the tissue is capable of surviving that in addition 
to the cutting of its communications with the mesophyll 

A few experiments were made m the attempt to separate the 
epidermis from the mesophyll in ways other than those offered 
by the agencies of insects and fungi The first method tried was 
that of injecting water under the epidermis with a hypodermic 
needle, so that the epidermis would be lifted and separated by 
the pressure of the water This was tried on both the upper and 
the lower epidermis of a number of leaves Most of them were 
too thin to admit the insertion of the needle, but in other leaves 
the whole mesophyll became injected without any lifting of the 
epidermis In a few plants the lower epidermis was lifted success¬ 
fully and puffed out to Buoh a ft extent as to leave no doubt that 
all connections with the spongy parenchyma were broken The 
species m which this was done were Aster lams , liter actum venosum , 
MttcheUa repens, and Saxtfraga sarmentosa Ill the first two the 
whole epidermis was lifted from midrib to margin for one third 
to one half the length of the leaf In Mitchells the epidermis was 
lifted oyer all of one side of the leaf and in Saxifraga the space 
between two of the principal veins was involved in each injection 
In a few hours the water disappeared and the swelling caused by 
it subsided, allowing the epidermis to sink back to its normal 
position After throe weeks the areas which had been injected 
could be detected still, but no dead cells were visible Examina¬ 
tion proved that the epidermis was alive over all the injected 
areas. Except In the case of Sanfraga sarmentosa all the experi¬ 
ments were made on plants living in dry woods The Saxifraga 
was a potted plant and was kept in the laboratory In none of 
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the plants was the condition an abnormal one, and the epidermis 
which had been separated from the meeophyll was subjected to 
the same transpiration rate as that of undisturbed leaves on other 
plants of the same species 

It is possible that, when the epidermis which has been pried 
loose by water pressure settles back into normal position, it again 
forms contacts with the spongy meeophyll by which it can secure 
water This may be doubted because the external appearance of 
the injected areas is different from that of normal areas and sug¬ 
gests that the separation persists. But in order to be certain about 
the question another method was used It was found that the 
epidermis of some leaves could be separated by running a probe 
between it and the mesophyll A slender glass tube was drawn 
out to a thin long point The end was then melted to form a smalt 
ball which could be pushed along under the epidermis Some 
practice was needed to develop skill enough to lift an area of 
epidermis of considerable extent without tearing it at any point 
It was found that too small a ball at the tip of the probe would 
tear the epidermis or the parenchyma cells instead of separating 
them, but too large a ball put too much tension on the epidermis 
and ruptured it 

It proved an easy task to separate the lower epidermis of snap¬ 
dragon from the mesophyll, but the upper epidermis could not be 
separated from the palisade In Sanfraga wnnentota both the 
upper and the lower epidermis could be lifted, though not ao easily 
aa the lower epidermis of snapdragon When it was once lifted 
the epidermis was held in place by sliding under it a piece of glass 
tubing of small bore and with blunt ends The cut in the epidermis 
through which the probe and, later, the supporting glass tube were 
inserted was sealed with vaseline 

The epidermis is surprisingly tough especially in the Saxifraga, 
and oouki be lifted without much difficulty over leaf areas 20 mm 
loDg hy 8 mm wide Not many plants Were tested as subjects in 
this experiment, but it is likely that the epidermis may be lifted 
in a number of others, and it may be that ttys fact would be useful 
in some infection studies in which the inoculum could be Inserted 
under the epidermis 
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Three weeks after this experiment was made on a number of 
leaves on plants in the laboratory, microscopic examination was 
made of the epidermis to determino its condition In Saxifraga 
sarmerUosa both the upper and the lower epidermis survived the 
operation, except that m some cases a small spot on top of the 
supporting glass tube was dead In the snapdragon tho epidermis 
was alive wherever the width of the separated area did not exceed 
3 mm, but where the area was 7 or 8 mm wide the central portion 
was dead though stall intact Along each side of the dead strip 
an area about 2 mm wide was still alive 

Although It is certain from the foregoing observations and ex¬ 
periments that fairly extensive areas of epidermis oan survive for 
an indefinite period the separation from the underlying meeophyll, 
whether this separation is effected naturally or by such rough 
means as jaws of larvae or by glass probes, it is not sure that the 
separated cells are not supplied with water by condensation, or by 
the absorption of water vapor 

An attempt was made to isolate the epidermis from water 
vapor by ooating it on the inside with vaseline The lower epi¬ 
dermis on leaves of snapdragon and saxifrage was lifted by a 
glass probe and then smeared with vaseline on a small pledget of 
cotton After three weeks the leaves were examined and it was 
found that the epidermis of the saxifrage was alive and m good 
oondition, except along the cuts made for the insertion of the probe 
The epidermis of the snapdragon had died, perhaps from the vase¬ 
line and rough handling in Its application, perhaps from lack of 
water 

On leaves of the saxifrage areas of epidermis were looeened, 
out free on three rides, and turned back as a flap The Lower sur¬ 
face was then smeared with vaseline and the flap turned back into 
place In spite of this treatment the oella remained alive and turgid 
exoept along the cut edges Of course, the amount of water needed 
by these cells is npt great, since they are ctitinised on the outside 
ami ooated with vasehne on the inside, but some outicular transpi¬ 
ration undoubtedly takes place and the only source of water to 
supply this loss is by lateral transfer through the cells along tho 
uncut side of the flap 
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A further attempt at isolation of the epidermis was made by 
injecting melted vaseline with a hypodermic syringe under the 
epidermis after it had been lifted by a probe In other leaves 
the epidermis was lifted by pressure of the injected vaseline with¬ 
out preliminary lifting with a probe The experiment was tried 
on both snapdragon and Saxxfraga sarmeniosa, but in all cases it 
led to the death of the whole injected area of each leaf 

An approach to the problem from another angle was attempted 
If an area of epidermis could be cut off from communication with 
the surrounding epidermis, one could determine to what extent 
transfer of water through the spongy mesophyll and absorption 
of water vapor are adequate An effort was made to cut through 
the epidermis on four sides of an area, but though this was tried 
on several leaves it was not successful Either the epidermis was 
left uncut in some places or the cuts went deep into the leaves or 
entirely through them 

The evidence that the epidermis, or at least reasonably large 
areas of it, can survive without connection with the mesophyll 
is adequate, but that tending to show that it can survive when 
cut off from the possibility of absorption of water vapor is less 
satisfactory Probably under normal conditions the water supply 
of the epidermis is gained by lateral transfer from the veins, by 
transfer through the spongy parenchyma, and by absorption of 
water vapor from the air spaces However, when the transpira¬ 
tion is strong the inner surfaces of epidermal cells must lose water 
to, rather than absorb it from, the air spaces In dry periods the 
separated epidermis of Mitchella must depend very largely on 
water supplied by lateral transfer from the veins So far as food 
la concerned, the epidermis of Mitchella and the areas of epidermis 
in other leaves which beoorqe isolated by insect burrows or fungous 
attack must secure the amount jg^^fd by lateral transfer alone 

SUMMARY 

In mature leaves of MfcheUa repent the lower epidermis and 
one layer of cells inside ^become separated from the mesophyll 
and remain attached only at the midribs and margins In this 
condition the cells remain ative and normal 
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In ft number of species areas of upper and lower epidermis 
remain ftlive after separation from the mesophyll by tunnels of 
leaf-miners, or by masses of fungous spores 

In several species the epidermis which has been separated from 
the mesophyll by injection of water remains alive and uninjured 
The epidermis of some plants will remain alive after it has been 
lifted by a probe and kept separated by a piece of glass tubing 
In one plant it survived after it has been coated on the inside with 
vaseline so that absorption of water vapor is impossible 

It is possible for the epidermis of the loaves of a number of 
plants to secure an adequate supply of food and water without 
any connections with the mesophyll 

University or Michigan 




A STUDY OF GLONIUM PARVULUM 
IN CULTURE* 

MARION L LOHMAN 

JN 1874 Gerard (4) described a hysteriaceous fungus collected 
x on Alnus as Hyttenum (Glonium) parvulum The species was 
transferred to the genus Glonium by Saocardo (Syli , 2 735 1883) 
and listed as G parvulum (Ger) 8acc Of the Glonia descnbed 
from North American material on woods of deciduous species, 
this species and G medium (Cooke) Saco ha\e densely gregarious 
hysterotbeaa less than 1 mm in length and spores as short as 
6 to^ microns In Saocardo the two are separable only on spore 
measurements, but, as Ellis pointed out {North American Pyre- 
nomycete* , p 682), these are incorrectly given for the former 
species Since Ellis examined authentic material of Gerard'p 
species and material of G medium collected by Ravenel and sug¬ 
gested no affinities here, the two were distinct species to him 
With his descriptions, however, they can be distinguished only 
through the more flattened hystorothecia of G parvulum and the 
fact that a blackening of the wood or the presepco of a black crust 
is not mentioned in the case of G medium My studies lead me 
to believe that those characters can hardly be relied upon as 
specific, and, furthermore, the G parvulum distributed by Ellis 
(Norik American Fungi t p 153) shows very little of the blackened 
crust mentioned in his description 8inoe my collections from 
Michigan show this condition and otherwise agree with the G 
parvulum (Ger) distributed by Ellis, I do not hesitate m referring 
my material to that species 

The genus Glonium was established by Muhlenberg in 1813 
{Cot Pi Am Septemtr, p 101) with G stellalum as the type species 

* Paper from the Department of Botany of the Univenity of Michigan, 
No 881 
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In this species the hysterothecia are decidedly branched and are 
seated upon a thick byssoid subiculunr In 1018 von H&hnel (6) 
erected the subgenus Pslloglonium for species without a subioulum, 
and recently Petrak (13) has given Psiloglonium generio rank 
(with P hneare (Fr) Petr as the type) and is publishing new 
species under this name 

The recent changes in the taxonomy of the Hystenalee, es¬ 
pecially by von Hdhnel (6), are important for an appreciation of 
the lack of culture studies in the truly hyateriaoeoua fungi If 
one accepts the ideas of von HOhnel m the taxonomy of these 
fungi and regards the genus Hysterium as typical, then the only 
culture studies tlrnt have been made on these forms are those of 
Brcfold (3) with “QUmium hneare (Fr ),Hystenum pulicare (Pers ), 
Hysierographtum btforme (Fr ), Lophtum mytihnum (Pers ) 
Hyeterographium Frcurini (Pers ) " De Bary, Haak, Hartig 

and von Tubeuf studied pathogenic species which were at that time 
referred largely to the genus Hysterium, but these are now k^own 
as Hypodennataceae, and, if one is influenced by the systematic 
studies of von H6hnel, they should no longer be considered 
hysteriaceous fungi For an insight into the taxonomy of the 
Hysteriales I refer the reader to the excellent compilation of the 
literature by Bisby (2) 

distribution of G Ionium parvulum and description 
OF THE ASCIGEKOUS STAGE 

In view of the fact that we had no critical study and 
compilation of the hysteriaoedfoi fungi since the appearance of 
North American Pyrenomyceiee by Ellis and Everhart, one can 
ascertain the distribution of these upocies only through the as- 
comycetous lists of various local floras scattered throughout the 
literature of the last forty years Beaver reports G parvulum 
(Oer ) Sacc for North Dakota (16) and Iowa (17) I have several 
collections on Ulmus from Ingham County, Michigan, a collec¬ 
tion on Juglans from Ann Arbor, one collection on Quercus and 
one on Ulmus from Darke County, Ohio, a collection on Quercus 
from Randolph County, Indiana, and a collection on Sallx from 
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Montgomery County, Ohio Fink oollocted extensively m Indiana 
and Ohio and published from time to time on the ascoinycctous 
flora, but he did not report this species It may be among his 
more reoent collections of Hystenaceae, however, since they re¬ 
main unstudied Van Hook does not report it m his bets of Indiana 
fungi This is the first report of the species for Michigan 

Hystcrothecia in well-matured material of 0 parvulum are 
densely gregarious in more or less parallel senes and thus form 
black areas which are readily noticeable to the naked eye (PI 
XXIX) The degree of superficiality, blackening of the wood in 
intermediate areas, and the presence of a black crust are vanable 
characters and apparently depend upon tho nature of the sub- 
stratum and rate of growth The thin black crust is the result 
of superficial mycelial growth and is more pronounced on trans¬ 
verse surfaces of decaying wood or on the patchos of medullary 
rays which are exposed in radial splits Here the hysfcerothecia 
are superficial from the first In still firm and recently deoorti- 
cated wood there is only a slight blackening of tangential surfaces, 
where fruiting has occurred on much weathered wood this is not 
apparent On tangential surfaces the hystcrothecia are formed just 
beneath and at the level of the wood, and later become erampent- 
supcrficial Here, to a large extent, they are seated at the ends of 
medullary rays (PI XXX, Fig 2) 

The hystcrothecia are carbonaceous, black, rugose-punctate, 
oblong to broadly elliptic, at first somewhat crested above, but 
becoming broadly flattened or occasionally Slightly rounded at 
the obtuse ends, and measure 250-400 (600) X 150-200 microns 
The disk is punctate with a central longitudinal furrow and often 
there are two to four minute striae parallel to the line of dehiscence 
Studies on sectioned hysterothecia show the Ups to be acutely 
rounded and Hie central furrow prominent before asci are apparent 
in the developing hymemum The asci (PI XXX, Fig 3) are 
cylindnc, short stipitat®, 40-65(60) X 4-5 microns, 8-spored, with 
simple, slender, filiform paraphyses, curved and interwoven above 
The spores are oblong, hyaline, obliquely or irregularly unisenate 
to subbiseriate, nearly equally two-oelled or with the upper cell 
somewhat broader, rounded at the ends or occasionally with tho 
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lower cell subobtuse, decidedly constricted at the septum, and 
measure <H$ X 2 5-3 microns. 

CULTUBE STUDIES 

On October 14, 1928, a collection of this species was obtained 
from splints of a much weathered log of Ulrnus in a swampy wood 
southeast of Stockbridge, Michigan. This collection shows well 
the blackening of the wood about the patches of gregarious hystero- 
thecia (PI XXIX) Culture work In other species prevented an 
immediate attempt to isolate this fungus, but on February 21, 
1929, a spore suspension was sprayed on plates of nutrient agar 1 
and the spores germinated at room temperature within twenty- 
four hours From these sprays single spore and single &scua cul¬ 
tures wore obtained on February 23 

Isolation in pure culture is not difficult in this group, if a few 
simple precautions are observed Under a low magnification 
hysterotheoia are removed from the wood with sufficient care to 
keep the wall from being broken These are plunged for an Instant 
into 96 per cent alcohol and then washed in a 1 1000 solution of 
bichloride of mercury for thirty seconds to one minute They are 
then rinsed in several changes of stenle distilled water and soaked 
from twelve to twenty-four hours, when they are transferred 
to a flamed glass slide and again rinsed to replace the water in 
which they have been soaking A spore suspension is made by 
crushing the hysterotheoia and washing the hymenial mass into 
sufficient sterile distilled water to give the desired dilution for 
spraying 

On February 23, 1929, spore suspensions of several species of 
the Hysteriaceae were sprayed upon plates of an oak-chip infusion 
agar* in a preliminary study These plates and the previous 
sprays on the synthetic agar were placed In bright light at room 

1 Kauffman’s synthetio agar To tbs litsr maltose 0 0 gr, peptone 01 
gr , Mg90< 0 A gr, KHjPO, 0 26 gr, Ca(NOi)t 0 1 gr and Sgar 16 gr Pro¬ 
fessor Kauffman hits found this to be a very satisfactory medium for general 
culture work in mycology 

* Boiled oak chips 8 gr, xylose 6 gr and agar 16 gr The oak-chip solution 
mads up to 1 liter 
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temperature, as the work of Leonian (11) had demonstrated that 
these condition*, in general, are optimum for the development of 
imperfect stages In the sprays of Glonium pwmdum a pycnidial 
development was observed in ten days on the oak-chip infusion 
agar, which was somewhat less favorable for mycelial development 
than the synthetic agar By the end of the second week pycnidial 
development was apparent In the sprays on the latter medium It 
was then realised that in this species one is dealing with a fungus 
which will produce an imperfect stage under ordinary culture con¬ 
ditions, and that for more critical work it was necessary only to 
check the pycnidial development with singlo spore cultures The 
details of pycnidial development were determined from more recent 
culture work and are described later 

Asco$pore germinatum 

Spores of this species germinate in from twelve to twenty- 
four hours at 20-25° C f whether on plates of the synthetic agar, 
in the nutrient solution of the same or in distilled water There 
is very little swelling of the spore, since germinating spores average 
8 5 X 35 microns and spores that have not been soaked average 
8x3 microns Either cell of a spore may be firet to put out a 
germ tube, which is terminal, but ordinarily both cells germinate 
at the same time (PL XXX, Figs 4-5) In sevoral germinating 
spores, which were unequally two-celled, a second and lateral tube 
was observed in the upper and larger cell Germ tubes are hyaline, 
average 2 microns in diameter with no marked constriction at the 
spore wall, and develop within twenty-four hours either into three- 
to five-septate hyphae of uniform diameter, 40 to GO microns in 
length (becoming branched on nutrient agar plates), or into shorter, 
closely septate, constricted hyphae with the spherical, basal cells 
nearly equal to those of the germinating spore The latter is the 
usual condition on the synthetic agar plates or in the correspond¬ 
ing nutrient solution This formation of spherical cells does not 
continue, and the subsequent growth is of uniform hyphae, 2-2 5 
microns in diameter, with cells 10 to 15 microns hi length 

In this species individual spores on plates of nutrient agar 
germinate as readily as spores retained within the ascus* 
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Culture* on the sucrose-oatmeal medium * 

On March 24,1929, transfers from single spore and single aeons 
stock cultures 4 were made to sucrose-oatmeal slants in large test 
tubes (4 cm in diameter) One set of subcultures was placed in 
the light at room temperature and the other set returned to the 
oold room (0-4° C) after twenty-four hours, where they were 
subject to similar light conditions 

In the light at room temperature — Young mycelial growth is 
whitish at first, but in a few days becomes pinkish and then 
“spinel red” to “hellebore red” (R) Growth is rapid but not 
uniform and cultures at five or six weeks show an irregular margin 
and a variably erumpent surface mat 2-5 mm deep This con¬ 
dition of growth produces an array of colors, including in addition 
to those noted above, “vinaoeous” or “pinkish cinnamon,” “vina- 
ceous fawn” and “avellaneous ” Cultures at six to ten weeks 
present a “purphsh-vinaceous” or “purple-drab” discoloration of 
the medium, but this soon fades to brownish and the cultures 
themselves no longer show the brighter colors By this time such 
cultures have completely covered the free surface of the medium 
(a 10 cm slant, 4 cm in greatest diameter) 

In these cultures pycnidia did not appear until after the eighth 
week, but they were abundant after the tenth week, especially in 
the single spore cultures By the sixth month they were extremely 
abundant on older portions of both single spore and single asous 
cultures 

In the light at 0-4° C — The colors noted above are more per¬ 
sistent at these low temperatures Growth is extremely Blow and 
cultures at ten months average 3 cm in diameter These cultures 
present the same irregular margin and variably erumpent surface 
A faint pink discoloration of the medium developed during the 

* To the liter ground oatmeal 00 gr, sucrose 40 gr and agar 15 gr 
This medium has been used for all stock cultures 

4 la these cultures isolations were made on February 28 and kept in the 
light at room temperature, transfers were made to the stock medium on 
March 1, and stock cultures were placed in ths cold room the following day 
AH stock cultures mentioned in the work were subject to a similar succession of 
physical factors. 
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fourth month, but this was soon lost in the gradual browning of 
the oatmeal medium 

Pyomdla appeared sparingly in older portions of single spore 
cultures at six months, and later in single ascus cultures, but they 
never beoanie abundant in these cultures 

For a time the punty of all cultures was questioned on account 
of the habit of growth and array of colors produced As a check 
on the stoek cultures used, spore sprays were made on December 
11,1929, from different material in this same collection of 0 parvu¬ 
lum A number of single spore and single asous isolations were 
made and further studies verified tho culture characters noted 
above A second senes of stock oulturos was obtained from these 
eolations 

Cultures on Leoman agar 1 

On January 8, 1930, transfers were made to Leonian agar 
slants from the second senes of stock cultures One set of sub¬ 
cultures was left on the laboratory table, where they obtained full 
light from a north window a second set was placed in the light 
at 10° C , and the third set was kept in a dark closet at the temT 
perature of the room 

In the light at room temperature Growth is slower on this 
medium than on the sucrose-oatmeal Vegetative mycelium is 
mainly confined to the medium and the brighter colors are ob¬ 
scured by a brownish-black, dense, hyphal layer which forms at 
the surface of the medium There is a rather persistent pink 
coloration of the medium 

Pycnidial development was apparent by the end of the first 
week and in another week pycnidia were exuding conidi&l masses 

In the light at 10° C — These cultures differed from those of 
the higher temperatures in that growth was still slower and in 
that a condition of pycnidial development comparable to that 
noted above was not attained until the fourth week 

1 To the liter KHiFO* 1 25 gr, MgSO, 0 625 gr, maltose 6 25 gr malt 
extract 6 25 gr and agar 15 gr 

1 The culture* of this specie* were only a part of au experiment to de¬ 
termine the value of the t*onian medium for pycnidial formation in a number 
of species of the Hyatenaocae 
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In the dark ai room temperature — The cultures were not ob¬ 
served until pycnidia were well developed In the cultures in the 
light at 10° C Upon examination they showed the same condition 
of pyonldial development as the cultures in the light at room tem¬ 
perature The medium was oolorcd a deep brown 

The observations indioate that the Leonian agar is a favorable 
medium for the production of a pycnidial stage in this species 

Growth at higher temperature* 

On January 15 transfers were made from the seoond series of 
stock cultures to Leonian and sucrose-oatmeal slants, and after 
twenty-four hours the subcultures were incubated at 28-30° C , 
with the same relative moisture conditions as in the previous 
studies By the sixth week no pycnidia had been formed and 
vegetative development consisted of a scant, white, aerial my¬ 
celium on the surface of the original transfer, although a few cul¬ 
tures showed in addition a marginal growth of several millimeters 
Only one culture in the lot revealed no development at all 

Pycnidial development 

This study is based largely upon cultures from undisturbed 
germinating ascospores on plates of synthetic agar kept in the light 
at room temperature The myoeUum from a single spore is ap¬ 
parent to the naked eye on the third or fourth day and one-week- 
old cultures are 1 5-2 mm in diameter with a bright roddlsh 
central area This central portion soon becomes brownish and 
enlarges by putting out three to eight or ten radiating arms The 
pycnidia develop progressively outward within this stellate, brown, 
hyphol mat (PI XXXI, Figs 1,4) As they mature in the central 
portion, the dense hyphal mat gradually enlarges outward between 
the arms, and by the fourth or fifth week the radiating structure 
is not so apparent and cultures are 5-8 mm in diameter, with a 
black, central, pycnidial area 1 5-3 mta In diameter The border 
of pinkish vegetative hyphae develops little after this and fades 
to a yellowish brown 

The hyphal mat, within which the primordia develop and upon 
which the mature pycnidia are seated, shows in section (PI XXXI, 
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Fig 4) as a thin surface layer of loose, branched, thick and rough- 
walled, brown, aerial hyphao arising from the thicker and more 
dense intermediate layer which is developed at the surface of the 
medium This dark intermediate layer is 10-20 microns in depth 
about the pyemdial primordia and averages 60 microns in depth 
whore the mature pycnidia are seated The pyemdial pnmordm 
ore bright red under the microscope, as are the hyphae surrounding 
them In culture much of this color is concealod by the brownish 
afinal hyphae The much-branched and anastomosing hyphae of 
the intermediate layer are closely septate and average 3 microns 
in diameter This layer forms at the level of, and just within, the 
surface of the medium It probably corresponds to the black 
crust occasionally formed on the wood in connection with the 
perfect stage The substratal hyphae are hyaline, closely septate, 
branched but loosely interwoven, and penetrate the medium to a 
depth of 4 mm The three layers of hyphae here referred to are 
apparently the same as those mentioned by Archer (1, p 7) in 
his cultural studies of the Sphaeropsidales 

Studies based upon free-hand sections and prepared slides indi¬ 
cate that the young pycnidia (as large as 60 70 microns in diame¬ 
ter) are parencbymatic throughout, with a central portion of 
hyaline, thin-walied cells, and an outer region of cells with 
thicker brown walls The outermost hyphal cells become opaque 
as the pyemdium matures In maturing pycnidia, Btill immersed 
or somewhat erumpent, the central region is, transformed into a 
cavity of oomdial production traDsvcrsed by sparse, irregular, 
septate hyphae As the cavity enlarges, these transversing hy¬ 
phae are no longer discernible and spore production is confined 
to an even conidiophore layer lining the basal and lateral walls of 
the pyemdium This condition is attained before there is a sug¬ 
gestion of beak formation (PI XXXI, Hg 4) As spore produc¬ 
tion continues, the cavity enlarges upward, following the apical 
hyphal growth, which develops a short, thick, ostiolat© neck 
(PI XXXI, Fig 6) by the third or fourth week 

Pycnidia exuding conidial masses measure 160-200 microns 
in diameter, 226-200 microns in height, and have necks 40-00 
microns in diameter The length of the neck is variable and de- 
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pends upon the moisture condition of the culture In the average 
pycnidium in undisturbed ascospore cultures it is 36-46 microns, 
in pycnidia from mycelial transfers to oatmeal and Leonian media 
and in those obtained on oak-chips and oak-infusion agar, necks 
as long as 156 microns have been observed (PI XXXI, Fig 2) 
Pycnidia obtained from single conidium cultures were merely 
oonic-oatiolato Mature pycnidia are black and smooth, more or 
less irregularly stellately clustered, and in the oentral, more 
crowded portion of the cluster the necks are usually somewhat 
divergent 

The pycnidial walls are parenchymatic and they measure 
(12) 15—25 microns in thickness at the level of the fungUB layer 
upon which the pycnidia are seated The wall of the neck aver¬ 
ages 10 microns in thickness and is made up of four to six layers 
of tightly compacted, brown-walled cells which become opaque in 
the outermost layers The conidia (PI XXXI, Figs 6, 7) are 
hyaline, ovate or inequilateral, 2X15 microns, and are borne 
singly on the tips of slender, olavate oonidiophores measuring 
6-9 X 1 5-2 microns They germinate by one or several germ 
tubes which are closely septate and Boon branch (PI XXXI, 
Figs 8-10) The germinating conidia swell to more than twice 
their initial volume, measuring 3 7-4,5 X 2 6-3 microns Pycnidia 
exuding comdial masses were obtained within ten days in single 
conidium cultures on the synthetic agar 

TAXONOMIC POSITION OP THE PYCNIDIAL STAGE 

The taxonomic characters revealed in the foregoing description 
of pycnidial development refer the imperfect stage to the Sphae- 
noideae-Hyalosporae of the Saccardo system (Syll Fung , III) 
It is certainly not stroroatic in the seni^of Saccardo and therefore 
belongs to the form-genus Sphaeronaema One might ask, “Is 
ibis not an Aposphseria which has developed a subulate beak in 
culture? ” Apoephaeriae* however, have far more delicate pycnidia 
and the culture work of Etcher (1) with the form-genera Micropera 
and Naemoephaeria indicates that pycnidia which are beaked in 
nature do not ordinarily form well-developed beaks In culture 

The descriptions m Saccardo are not adequate for compari- 
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bod The pycnidial stage described here might be Sphaeronaema 
procumbent Sacc , S cyhndncum (Tode) Fr , S comcum (Tode) Fr 
or S infuscans E A E Lack of epaoe prevents a discussion of 
the present status of these particular forms Considering the 
treatment given them by Jacsewski, Diedicke and von HOhnel, 
only S procumbent needs further attention, before I dwell upon 
this it is desirable briefly to survey the status of the form-genua 
Sphaeronaema 

Fries established the genus Sphaeronaema in 1815 (Obeerv 
Myc , I, p 187), although the usual reference given is to a second 
publication in 1823 (Syst Myc , II, p 535), where S subulaium 
(Tode) stands first In a much later publication (Summ Veg 
Scand , II, p 400 1849) three subgenera were used and here 
another species stands first in the Species genutnae The two im¬ 
portant oritena for Fries were the vertically elongate beak and 
the collection of spores in a mucous mass at the apex Saccardo 
(SyU Fung , III) was the first to suggest the weakness of the second 
character His system of classification forced a separation of 
species between the Nectnoideae and 8phaerloideae groups and 
he retained Sphaeronaema in the Sphaerioideae-Hyaloeporae In 
1898, Jacsewski (9) revised the genus as established by Fries, 
with particular reference to the treatment given to It by S&cc&rdo 
Jacsewski held the beaked or oylmdnc condition to be of greatest 
Importance and thus readmitted fleshy and carbonaceous forms 
of various com dial types He was the first to distinguish between 
parenchymatous and prosenchymatous structures in these forms 
This distinction Diedicke accepted ( Kryptogamenfiora d Mark 
Brand , IX, p 286 1915), but in regard to the spore form ho 

retained the genus in the sense of Saccardo 

In 1915 von Htthnel (5) indicated needed revisions in this 
genus and in 1918 he (7) accepted S subulatum (Tode) Fr as the 
type species, and retained Sphaeronaema as a monotyplc genus in 
Ids Nectrioideae In 1918 he offered (l c ) valuable criticisms on 
fourteen other species and indicated the heterogeneity of the genus 
as used by Saccardo Petrak and Sydow (15) soon pointed out 
the difficulties involved in accepting von Htthnel’s reduction of 
the Friesian genus To understand von H6hners treatment of the 
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other forma m the genua it ib necessary to examine hia new system 
of the Fungi Imperfech, a posthumous publication (8) in 1923 
In this sytem my pyemdial stage would fall In the Sphaerioi- 
deae-Ostiolatao of his Pycmdiaoeen, along with two closely related 
genera, Pleuronaema v H and Ccratophoma v H The latter 
was erected (7, p 270) to include 8 rostraium Fuckel, a form which 
differs widely from my pycnidial stage in the nature of the paren¬ 
chyma cells of the wall and in the comdia, which are elongate- 
elhptio and measure 2 5-4 5 X 2 microns Pleuronaema v H 
has P procumbens (Fuckel) as the type (l c , p 250), and is charac¬ 
terised by allantoid, acrogenetic and pleurogenetic comdia Von 
Hohnel based his description on material which he believed to be S 
procurnbens (Fuckel) Saco , a huropoan species that had been col¬ 
lected several times on Quercus In the light of his description 
my pyemdial stage agrees sufficiently in habit, macroscopic ap¬ 
pearance and the parenchymatous nature of the wall It differs 
in that the comdia are smaller, ovate or inequilateral, and primarily 
in that they are produced singly at the ends of simple comdio- 
phores To follow von Htfhnel's system in this case would neces¬ 
sitate the erection of a new form-genus 7 

The discussion here does not do justice to the hopeless condi¬ 
tion in the taxonomy of imperfect fructifications of the Sphaero- 
naema type Real difficulties arise in any manner of presentation 
of an imperfect stage of this type However, since the pycnidial 
stage here described is definitely established aa an expression in 
the life-history of Glomum parvulum, it seems desirable to present 
it as 

Glonium (Sphaexonaema) parvuwm, status novus 

Pycmdm superficial, single or clustered, subulate beaked 
and oetiolate, smooth, black and carbonaoeous, developing 
from individual primordia within a thin layer of brown, thick- 
walled, closely septate, branched and anastomosing hyphao, 
parenchymatous throughout from the first, soon erumpent 
from the hyplial layer and then each with a developing oo- 
nidial cavity and oetiolate beak, at maturity 150 to 200 microns 

7 The new system of von HOhnel is open to several important criticisms 
which cannot be discussed here Recently Fetrmlc (14) hss offered a criticism, 
but it has little to do with evidence accumulating from cultural studies 



Olontum parvulum in Culture 153 

in diameter, 225 to 260 microns in height including the beak, 
the latter 40-125 (155) X 40-60 microns, walls complete, 
thick, firm, opaque on periphery, brownish inward and at 
the base, (12) 15 to 25 microns thick, somewhat thinner aplcally 
in the beak, small-celled parenchymatous throughout, averag¬ 
ing five to six layers of opaque to brownish cefia and several 
layers of hyaline cells, the Innermost layer of hyaline cells 
giving nse to oomdiophoros in its basal and lateral portions, 
comdiophores clavate, 6-0 x 1 fi-2 microns, simple though 
often appearing in tufted clusters of from three to five, comdia 
acrogenotic, hyaline, ovate to inequilateral or elliptic-oblong 
and then slightly allantoid, 2x15 microns, exuded from the 
beak in dull white masses 200 to 250 microns in diameter, tho 
masses becoming grayish with age 

This pycnidial stage is near the Plouronaema type of the von 
Hdhnel system and differs from it in the thinner pycnidial wall, 
m tho smaller and not dehmtely allantoid comdia, and primarily 
in that the comdia are not pieurogenetic as well as acrogenetic 
The diagnosis is based upon development from single ascoepores 
on various culture media and upon oak chips on the surface of an 
oak-infusion medium The stage name Glomum (Sphaeronaema) 
parvulum is suggested as an expedient in comparing this stage 
with other Sphaeronaemata 


Associated perfect stages of Sphaeronaemata and discussion 

The association of imperfect stages of the Sphaeronaema type 
with porfeot stages of ascoraycetes has been bhaed only upon ob¬ 
servation, either in the field or in the herbarium Hostrup (12, 
p 425) listed eighteen species of Sphaeronaema with their asso¬ 
ciated perfect stages The latter are represented by Ceratosto- 
mella, Dothiora, Dermatea and Tympania. When the list of 
eighteen species is reduced in the light of von H6hners studies 
(by synonymy and the rejection of species which exist only in 
name), and when the remaining species are classified as prosen- 
chymatous or parenchymatous (distinct structural types), we find 
only Sphaeronaemata of the former group corresponding to the 
discomyoetous genera, Dermatea and Tympania In the paren¬ 
chymatous group three species remain S procumbent , correspond- 
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ing to CeratoetomeUa procumbent, and S Fuckehanum and rhamnx, 
corresponding to species of Dothiora 

The recent culture studies of Melin (10), in collaboration with 
others, make the Ceratostomella association appear doubtful 
Melin obtained a number of species of Ceratostomella in pure 
culture and Lagerberg referred the coni dial stages to the Hypho- 
mycetes as Cladosporium and Cephalosporium types 

With an imperfect stage of the parenchymatous Sphaeronaema 
typo established in the life-history of a Glonium species, the puislc 
of the phylogeny of hystenaceous fungi will be more difficult than 
it has been in the past if a similar connection is established for 
the species of the dothideaceous genus, Dothiora Even the de¬ 
velopment of the hysterothecial wall in this species of Glonium 
suggests that it might be stromatio (with “stroma” meaning any 
compact vegetative growth not resulting from a sexual stimulus 4 ) 
with the ascigerous cavity developed as in the Dothideales There 
is obviously a great need for critical studies on hysterothecial 
development and for further cultural life-history studies, particu¬ 
larly m the genua Glonium Furthermore, no imperfect stage 
oonnoctiona occur in the literature on the species of this genus 

SUMMARY 

1 Glonium pamdum (Ger) S&cc can readily be obtained in 
pure culture from germinating ascoeporea and under ordinary 
culture conditions produces a pycnidial stage of the Sphaeronaema 
type 

2 Sucrose-oatmeal agar is a favorable medium for luxuriant 
mycelial growth, especially at 20-25° C 

3 The optimum conditions for pycnidial production in culture 
are approached when the fungus is grown on either the synthetic 
medium (Kauffman’s synthetic medium, see note 1) or the Leonian 
medium, in the light at room temperature 

4 Fycnidia were obtained from single asoospore cultures and 
the conidia were germinated. Cultures from germinating comdia 
produced pycnidia within ten days 

1 Accepting the definition of Wehzneyer (18, p 579} «taoe it appear* ex¬ 
tremely usable f«r the uoomyoetes. 
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5 This pycnidial stage of 0 parvulum established by single 
agcoapotfe cultures is described in detail to supplement our knowl¬ 
edge of the species The stage name Sphaeronaema parvulum is sug¬ 
gested 

This study was made in the Department of Botany of the 
University of Michigan, under direction of Professor C H Kauff¬ 
man Acknowledgments are due to Dr L E Wehmeyer for a 
critical reading of the manuscript, and to Mr A H Smith for 
the photographs of Plate XXIX 
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PLA.TK XXIX 

Qlonxum parvuium (Ger) Saco 

Fig 1 Gregarious habit of hysterothecia, twioe natural *020 This material 
was collected on a weathered log of Ulmus. 

Fig 2 Single asooepore culture on sucrose-oatmeal agar, 11 months at 
0-4* C , natural rise 

PLATE XXX 

Qlomum parvuium (Ger) Sacc 

Fia 1 Hysterothecia, X 30 

Fto 2 Portion and structure of hysterothecia on tangential surface of wood 
They are ordinarily seated at the ends of medullary rays 

Fia 3 Hymetual elements The spores are irregularly umsenate or suh- 
bueriate 

Fig 4. Two germinating aecosporee on nutrient agar 

Fig. 5 Stages in spore germination in distilled water, a and b are uncommon 

PLATE XXXI 

GUmxum parvuium (Ger) Saoc , status novus 

Fig 1 Habit of pycmdia in undisturbed single atooeporc culture on synthetic 
agar The dotted are represents the margin of vegetative mycelium 

Fig 2 Mature pycnldla, X 60, a, on oak infusion agar, b, on oak chip with 
thin agar film. 

Fia 3. Pycnidial pnmordium f 

Fig 4. Section study of culture as shown in Figure 1 The dotted line repre¬ 
sents the surface of the medium Note the thin layer of aftrial hypbae, 
the dense intermediate layer bearing pycnidie, and the loose subfltratal 
hyphae 

Fia 6 Vertioal section of lateral wall showing oonidiophore types and 
parenchymatous nature of wall, a c , region of opaque cells 

Fig 6 Apex of beak showing ostiolate character 

Fia 7 Conidia as seen in water mount 

Fki 8, Conidia which did not germinate within twenty-four hours m nutrient 
solution. Most of the conidia germinated. 

Fia 9 Conidia at various stages of germination in nutrient solution 

Fig 15. Germinating oonidia on nutrient agar {data 




DETERMINING THE IDENTITY OF 
MYCORRHIZA-FORMING FUNGI * 

RICHARD E MoARDLE 

'pRE two methods which have been used by recent workers to 
determine whether a certain fungus species is a mycorrhiza- 
former are (1) to produce myoorrhiza in pure culture by inoculating 
the roots of seedlings with fungus mycelium, and (2) to trace 
strands of mycelium from a fungus fruit-body to a mycorrhizal 
root, or, more commonly, to find a fruit-body directly attached 
to a rootlet The first method, which represents the experimental 
attack, will not be discussed here This paper is concerned with 
the second method, which offers an opportunity for immediate 
identification in the field without the necessity for experimental 
work lasting several months 

It is a difficult, often an impossible, task to trace single strands 
of hyphae from the fruit-body to a mycorrhizal root Rhizo- 
tnorphs, or aggregations of fungal hyphae, are somewhat less 
difficult to trace, especially if the mycelium is colored Finally, 
fruit-bodies often may be found attached directly to the rootlets 
When the connection between fruit-body and rootlet could be 
established in one or another of these ways, it has been customary 
to consider the fungus a myoorrhiza-former 

Perhaps because the circumstantial evidence seemed so con¬ 
clusive, no investigator has verified the connection by microscopic 
examination Without microscopic evidence it is obvious that 
there can be no assurance that the mycelium followed to the root, 
or that the mycelium forming the fruit-body likewise is responsible 
for the formation of the mycorrhiza It was the purpose of the 
investigation here described to test the accuracy of this method 
of determining the identity of myoorrhisa-forming fungi 

During the past three years the writer has conducted extensive 

* Paper from the Department of Botany of the University of Michigan 
No 334 
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investigations of mycorrhixal conditions in the coniferous planta¬ 
tions on the Saginaw Forest of the University of Michigan School 
of Forestry and Conservation Evidenoe of a circumstantial char¬ 
acter was obtained that the fruit-bodies of certain fungi typically 
occur in apparent contact with the young roots of trees For 
example, m one of the plantations of white pine the fruit-bodies 
of Chiocybe rundosa Fr var angnsitfoha Kauff usually occur In 
“fairy rings *' around the trees These rings are especially no¬ 
ticeable in tho thinned portions of the stand An attempt was 
made, by placing stakes, to determine whether the rings of fruit- 
bodies occurred successively farther outward from the trees at 
their centers A progressive movement of this sort, year after 
year, would argue that a definite relation existed between the 
fruit-bodies and the rootlets, since tho young roots capable of 
forming mycorrhixa yearly advance outward from the trunk of 
the tree Bo many rings overlapped that no definite conclusions 
could be drawn from these observations In the plantations of 
Norway spruce the fruit-bodies occurred along the roots rather 
than at the ends Frequently a dozen or more fruit-bodies were 
found along a three-foot Bection of spruce root 

In these plantations many fruit-bodies were in actual contact 
with roots, others were directly over large clusters of mycorrhiiae 
and separated from them by only a oentimoter or so In the fol¬ 
lowing list are given the names of the species which careful and 
repeated examination disclosed to be nearly always in dose contact 
with troc roots in the white pme an^ Norway spruoe plantations 

Jn spruce plqftalion 

Amanita muaoana Fr 
CortmanuA cinnamomeu* Fr 
Calvatia s&ccaU (VahL) Fr 
Cortinanua argentatua Fr 
Inooybe eutheloidea Ft 
Boletus piperatut Bull 
Lepiota nauclna Fr 
Lycoperdon gwnmatum Batsoh 
Lyoopcrdon pukhemmum B & 0 
CUtocybe diatreta Fr 

Chtocybe rivukwa Fr var anguatifoha Kauff 
Tncholoma peraonatum Fr 
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In whtfe pint plantation 

Colvatia toccata (Vahl) Fr 
Inocybe eutbelmdei Pk 
Lyooperdon gemma turn HaUch 
Collybia butryaceoe Fr 
Chtocybe diatreta Fr 

CUtocybe rivulosa Fr var angustifoha Kauff 
Cortinoriu* sp 1 

Of these species, Amanita muscana has been reported by Melm 
(5) as forming mycorrhiza on Betula, Lanx, Pinus eylvestru and 
Ptcea excelsa , Cortmanus cmnamomeus has been reported by 
Maaui (4) as having a similar effect on Pinus denstflora and Popu- 
lus tremula var viUosa The rest, so far as is known, are mentioned 
for the first time in this connection 

The circumstantial evidence obtained in field examinations 
indicated the existence of an apparently very intimate association 
between fungus fruit-bodies and tree roots Yet the question still 
remained Was one justified in assuming on the basis of circum¬ 
stantial evidenco that these fungus species actually were in contact 
with the tnfenor of the roots? In an attempt to chock this evi¬ 
dence thirty-four fruit-bodies were obtained which had tree root¬ 
lets attached Collections wore made in both the white pmo and 
Norway spruce plantations and the fungus species represented 
were Lycoperdon gemmatum, Amanita muscana, Calvaha saccata , 
Inocybe eutheloides , Lycoperdon pulcherrimum and Cortmanus sp 
Twenty-eight of these fruit-bodies were imbedded in paraffin, sec¬ 
tioned and stained, and examined under the microscope for evi¬ 
dence of actual oonnoction between fruit-body and root cells The 
results obtained in this examination will be described very briefly 
Sections were made longitudinally through the stipes of the 
fruit-bodies and also transversely through the stipes In both 
types of sootions the attached rootlets were sectioned longitudi¬ 
nally and transversely Many small roots were completely en- 
ciroled by the mycelium of the stipe, but more typically the root 
tips were partly imbedded in the mycelium at one side or at the 
very base of the stipe When roots were encutled at some dis- 

1 An undescribed species which Dr C H Kauffman has had under ob¬ 
servation for several years 
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t&nce from their tips, it was not expected that any connection 
would be found between fruit-body and root cells, but when the 
fruit-bodies occurred directly at the root tips, such a connection 
was expected 

Despite careful sectioning, staining and examination, the my¬ 
celium of a fruit-body could not be traced to the interior of a 
root Furthermore, the mycelium in the root and in the mantle 
around the root was of a decidodly different character from the 
mycelium of the fruit-bodies The mycelium composing the fruit- 
bodies was quite hyaline, sparsely septate, with but few damp 
connections, and was about 2 or 3 microns in diameter The 
mycelium in the root and direotly around the root in the fungal 
mantle was dark-colored, frequently septate, had numerous clamp 
connections, and was from 4 to 0 microns m diameter 

It would appear that the fruit-body docs not originate from 
the same mycelium that formed the mycorrhisa This may be 
explained either on the basis of chance association or on the basis 
of required assodation Hansteen-Cranner (3) found that the 
roots of higher plants excrete certain substanoea, especially phos¬ 
phatide Barthel (1) reports that Wilson found that many species 
of bacteria are stimulated by root excretions, and Melrn discovered 
that the growth of many species of fungi which do form mycorrhiia 
is vastly stimulated by contact with the roots of tree seedlings 
Masui has shown by micro-chemical methods that myoorrhisal 
roots have less of carbohydrates, amino-adds, phosphorus, po¬ 
tassium, ammonium, nitrates and tannin than uninfected roots 
and that young fruit-bodies of myoorrhisal fungi have,targe 
amounts of these substances There is some reason for believ¬ 
ing that the fruit-bodies occur in attachment to root tips be¬ 
cause they need certain substances obtainable only from living 
roots It may or may not be necessary to penetrate the root to 
secure these substances Finally, it frequently happens that more 
than one species of fungi are found on the same myoorrhisal rootlet, 
Fuchs (2) was one of the first to emphasise this fact The my- 
oorrhtaa might be formed by a species which does not fruit very 
readily, and the soil In these plantations contains an incredibly 
large amount of mycelium On the whole, there is a considerable 
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quantity of circumstantial evidence to indicate that the fruit body 
and the mycorrhita are produced by two different species of fungi 

On the other hand, there is a possibility that the fruitrbody 
and the mycorrhiia were produced by the same fungus Old 
mycelium usually is darker than young mycelium and it may bo 
that the mycelium which is in the root and in the mantle around 
the root, being older than that of the fruit-body, has taken sub¬ 
stances from the root which would be responsible for the dark 
color and large aiae pf this mycelium To make certain that stain¬ 
ing did not cause the observed difference in color, several kinds 
of stain were used, and a number of slides were left unstained 
Though obviously not so pronounced in the unstained BHdes, the 
differences between the mycelium from the two sources were quite 
apparent All told, over one hundred slides were examined with 
precisely the samo results, namely, that the mycelium in the root 
was totally different from the mycelium of the fruit-body, and in 
no instance could the mycelium of the fruit-body be traced inside 
the root 

summary 

1 Microscopic sections were made of twenty-eight fungus 
fruit-bodies with attached mycorrhual rootlets These were exam¬ 
ined under the microscope to learn whether the apparent attach¬ 
ment of fruit-bodies indicated a real connection with the intenor 
of the roots and, therefore, constituted proof that these fungi 
are mycorrhiaa-formers 

2 The mycelium of the fruit-body could not be traced to the 
interior of the tnycorrhizal rootlets 

3 The mycelium inside the mycorrhual rootlet and in the 
fungal mantle immediately around the root was of an entirely 
different character from the mycelium ooraposing the fruit-body 
It is not known whether these differences are due to the presence 
of different fungi, or whether the two kinds of mycelium actually 
are the same fungus and the differences due to the age of the my¬ 
celium and to the presence of substances extracted from the roots 

4 Although circumstantial evidence is often very strong, the 
apparent attachment of fruit-bodies to tree roots cannot be taken 
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as proof that the fungus forming the fruit-body likewise formed 
the myoorrhiza Proof of this must be established through micro¬ 
scopic investigation 

University or Michigan 
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LONGEVITY OF CONIDIA OF COMMON 
FUNGI UNDER LABORATORY 
CONDITIONS 

ADFLIA McCREA 

r JTIE problem of longevity w spores of fungi has been studied 
very little and chiefly in a desultory way \ It is known, how¬ 
ever, that in some species those minute resistant ceils, when dried, 
are able to survive very unfavorable conditions for a long tune 
Several years ago the writer reported ( Science , 58 1508 1923) 
that comdia of Aspergillus oryzae and Rhwopus nigricans were 
still viable after having been sealed in a glass tube and kept in 
an office safe for twenty-two years They had been collected as 
thoroughly dry spore dust, entirely fret from the substratum 
Tests made at that tune showed that the A oryzae strain still 
possessed normal diastatic activity, and Dr Neil K Stevens, in a 
personal communication, reported that the R nigricans subculture 
retained typical capacity for causing "leak” of strawberries 
Eight years later, i e thirty years from the time the spores 
were first collected, the seal was again removed and transplants 
were made Cultures of both organisms wese obtained without 
difficulty The tube was rosealed at that time (1927) and will be 
opened again after a lapse of five years 

The present note concerns a group of common “laboratory 
weeds” of the mold fungi Such cultures are isolated from various 
sources and gradually accumulate m considerable numbers In 
the course of routine work, several species in test-tube cultures 
were recently checked for viability after having been stored from 
eight to ten years in opaque boxes under laboratory conditions 
They were originally planted upon Babouraud’s medium prepared 
from ingredients of American manufacture This choice of sub¬ 
stratum has no special significance except that it has pro\od very 
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useful In maintaining the characteristics of a culture with a mini¬ 
mum of labor Cultures require transplanting only three or four 
times in a year 

Fifty-five cultures which were planted in 1919, 1920, 1921 or 
1922, and hence had long been thoroughly dry, were used in this 
senes for a test of viability persisting eight to ten years Of these, 
twenty-five grew in normal manner The remaining thirty are 
probably dead Twelve species (marked with an asterisk) are 
included among the twenty-five cultures which survived the pro¬ 
longed drying Some species appear more than onoe in the follow¬ 
ing table, having been collected at various times and places, e g 
A ntger, of which there were seven strains 

The old cultures from which living transplants were obtained 
will be kept for future tests, so that eventually the period of via¬ 
bility may be extended for some or all of these species The tubes 
have not been sealed, nor was any process such as soaking of spores 
resorted to Each of the cultures herein listed is the result of a 
simple transfer of the old material to fresh food, due care being 
taken to prevent all cliance of contamination 


TABULATION OF CULTURES 

The species marked with an asterisk (*) are those which survived the 
prolonged drying Others are duplicates isolated from various source*. 


AUte after tan yaara 


Culture number 

Organism 

12 

•Aspergillus glaucu* link 

10 

•PenicHlhim ohrysogenum Thom 

S3 

•A fumigatus Free. 

46 

•A niger Van Tiegbem 

76 

A gl&ueus link 

106 

A niger Van Tiegbem 

142 

•A weatii Wehmer 


Aiwa oftet nirte years 

24 

f *A vnrnoolor Vuillemin 

66 

•Muoor racemoeu* Bull 

69 

A niger Van Tiegbem 

86 

A fumigatua Free. 

146 

A niger Van Tiegbem 
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Culture number 

Zwtt aJUr tight t*ar* 

Organism 

2 

A mger Van Tieghem 

13 

*P ex pansum Link 

17 

*P commune Thom 

26 

P expansum Tank 

61 

•A flavus lank 

67 

•Fuearium roeeum Link 

68 

A glaucu* Link 

81 

A mger Van Tieghem 

00 

*A oryiae (Ahlburg) Co 

102 

F TOMum lunk 

103 

F roeeuni Link 

174 

A niger Van Tieghem 

189 

A wontii Wehmer 


Pabkk, Davis and Company 
Dktsoit, Michigan 




SOME PLANTS THAT WERE PROBABLE 
BROUGHT TO NORTHERN OHIO FROM 
THE WEST BY INDIANS 


EDV*IN LINCOIN MOSE1 EY 

THE peninsulas that border Sandusky Bay on the north 
and east and on the neighboring islands in Lake Erie there 
are thirty species and varieties of spermatophytes not found else¬ 
where in the Sandusky flora A few of these have been found 
nowhere else in Ohio, and a few others are known to grow m only 
one or two other localities in the state Some of them may have 
been borne there by water from the region of tho Upper Lakes 
and seeds of a few kinds may have been blown there from many 
miles away 

Cactus, Opuntia rafinetqun , has been growing on those two 
peninsulas, and also on the mainland four miles southwest of 
Sandusky, so long that no one seems to know when or how the 
plants got a foothold there The only other habitats known to 
me nearer than Muskegon County, Michigan, are Point Pelee, 
which is across Lake Erie from Sandusky, and a spot in Wood 
Countv, Ohio, eight miles east of BoVling Green, where tins cactus 
has been growing on a low sand ndge at least since the childhood of 
old inhabitants After John Young Fish settled here, about 1832, 
this spot in Wood County was still a camp site for the Indians 
One of my pupils who lives near it has found there many Indian 
stone implements, far more than he has found elsewhere in Ohio 
Less than half a mile east of the cactus was found an Indian grave 
m which was a oopper kettle, a hatchet with a pipe bowl hollowed 
from the top, and a skull in which was sticking a stone arrow point 
Close to where the cactus is growing the Indians long ago used 
to sit in the sand and shape arrow points, as I have been told by 
Harry Fish, whose grandfather owned the land at that time A 
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man who still lives near has a large collection of stone Implement* 
found there 

From the narrative of one James Smith, who, when a young 
man, was captured by Indians in western Pennyalvama about the 
time of Braddock's defeat and accompanied them in their migra¬ 
tions for several years, we learn that the Sandusky region was a 
favorite plaoe for hunting, fishing and raising crops. On Kelley’s 
island, which forms a part of the same county, is the most famous 
example of Indian picture writing known Here large numbers of 
their stone implements have been found Four miles from here, 
on the Marblehead Peninsula, there were many Indians living in 
1809 and later They used to swim their ponies across the channel, 
which at times of very low water was only 300 feet wide, to Cedar 
Point At that time this must have been a common route of travel 
from west to east, just as the bridges across Sandusky Bay are 
now Cactus, whose fruit was appreciated by the Indians, may 
have boon carried in their journeyB and its seeds scattered where 
they camped, or they may have purposely planted the seeds in 
the isolated localities where it still grows in this part of North 
America 

A plant whose light seeds may have been brought east by the 
Indians because of their merely getting into some of their para¬ 
phernalia is Aettnea herbacea (Greene) Robinson ■» icltnella occults 
glabra, Gray - Picrodenta Hook - Tetraneuru Greene This has 
grown on the Marblehead Peninsula so long that no one knows 
when it started there, although it has spread noticeably even 
within the past forty years It is not known elsewhere east of 
Nebraska, except at Joliet, Illinois, where It is also spreading 
There it was first found on an Indian mound The natural route 
to tho Great Lakes from the Mississippi was by way of the Illinois 
and Desplaines rivers to the Chicago River At the portage, near 
Joliet, naturally there would be a camp site and unpacking and 
packing of goods Here there has recently been found one of the 
most interesting successions of prehistoric remains yet discovered 
in this part of North America 

The lotus, Nelumbo lulea, produces edible tubers and seeds 
which were important in the diet of the Indian* By them it was 
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much sought and highly prised They even invested it with 
mystic powers The plant has been growing in a number of iso¬ 
lated localities between Illinois and the Atlantic Ocean so long 
that dissemination by the Indians seems to be the only reasonable 
explanation Beal and Wheeler give only one locality for the 
interior of Michigan McCoun, when his Catalogue of Canadian 
Plants was published, had never seen the lotus in Canada, but had 
heard of it in three places, all within a few miles of Lake Erie 
The total quantity of Nelumbo growing m all localities farther 
east in the United States and Canada, together with that m the 
Interior of Indiana and Michigan, is probably much leas than that 
which grows in the Sandusky region and near Lake Erie between 
Sandusky and Monroe, Michigan In the marshes east of San¬ 
dusky the plant formerly grew in such profusion that some enter¬ 
prising high school lads were able to realize a good income from 
the opening blossoms, which they gathered and sent to Cleveland 
The ovate-leaved New Jersey tea or redroot, Ceanothus ovatus, 
is another plant which was probably distributed by Indians From 
its leaves they made tea and from the woody, gnarled roots, be¬ 
cause of their toughness, they made balls for their shinny games 
It was called tabe ht f “ ball plant/’ by the Omaha and Osage tribes 
It is rare in Michigan and Canada In Indiana it grows only on 
sand ndges south of Lake Michigan There is — or was — a good 
deal of it on the Marblehead Peninsula north of Sandusky 

Symphoricarpos paucifiorue has been found nowhere m Indiana, 
nor in Canada east of Lake Superior, and in only two localities 
in Michigan — Harbor Springs, Keweenaw County, and Hub- 
bardston, Ionia County In Ohio it is — or was — common on 
the Marblehead Peninsula and across the channel on Cedar Point 
In this connection the name "Indian currant” for bymphoncarpos 
orbiculatus suggests that the Indians may have used the berries 
from plants of this genus They used an infusion of Indian currant 
leaves for weak or inflamed eyes 

From tiie roots of Genhana puberula , the prairie gentian, the 
Indians made a deooction which they used as a tonic Possibly 
they brought the seeds to the few Isolated localities where the 
plant has been found In Michigan, Indiana and Ohio 
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The six species mentioned in this paper as examples of plants 
which the Indians may have brought to the localities where they 
camped are cactus, lotus, snowbcrry, ovate-leaved New Jersey 
tea, prame gentian and Actxnea herbacea Although some have 
spread locally, yet, so far as we know, they have not been able to 
reach other localities in the course of the many years of occupation 
by the white man without being carried and planted by him 1 

Ohio Statb College 
Bowling Green, Ohio 


1 For information relating to the usea which the Indians made of these 
plants the writer is indebted to Melvin R Gilmore 



FUNGI OF ROCK RIVER, MICHIGAN 


ALFRED H POVAH 

''pHE writer spent approximately thr^e weeks, during the late 
summer of 1927, with an expedition from the University of 
Michigan Herbarium at Hock River, Alger County, Michigan, 
collecting and studying the fungi of that region Owing to illness, 
his work was not included with the results of the other members 
of the expedition, published by Kauffman (3) Since the collecting 
was done independently and since the work of the author resulted 
in supplementing Kauffman’s list by over one hundred species, it 
is deemed advisable to record it An asterisk plaoed before the 
name of a species denotes that it was reported by Kauffman as 
well as by the writer An approximate index, therefore, of the 
frequency of any given species may be shown by its occurrence 
in both lists 

The specimens are in the author's herbarium, with duplicates, 
when available, in the University of Michigan Herbarium The 
identifications were made by the writer, with the exception of the 
collections of Poria, which Dr D V Baxter has named, the 
grass hosts, which were determined by Dr B B Kanouse, and a 
few other specimens, for the identifications of which orodit is given 
in the list 


Myxobacteriaceae 

Myxococcus coralloides Thaxt — On deor dung 

MYXOMYCBTBS 

•Arctria incahnata Pers — On old white cedar log 
Cribraria aurantiaca Sohroed — On very rotten log 
Diderma asteroideb List -- On decaying twigs and leaves 
Didbrka cmjstaceum Pk — On rotten stick 
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Fuugo oxnerea (Schw ) Morg — On rotten birch log 
Ft ?li go intermedia Macbr — On rotten log 
Phybarum vxrnum So mm — On rotten log 
•Stemonitts axifera (Bull) Macbr — On birch log 
Stemonitib fenehtkata Rex — On old coniferous log 
Stemonitis fubca (Roth ) Roat — On old spruce log 
Stemonitib Smithii Macbr — On tips of Sphagnum sp 
•Stemonitis Wlbberi Rex — On birch log 
•Tobifera fkrkuoinosa (Batsch) Morg — Common on rotten 
wood 


PHYCOMYCETBS 

Absidia orchidib (Vuill) Hagem — On insect remains Cul¬ 
tured 

Mucor circinflloides Van Tiegh — Isolated from Sphagnum 
Pilobolus sp — On deer dung 

•Endooone sphaonophila Atkins — Common on tips of Sphag¬ 
num and occasional on decaying leaves 
Empusa apiculata Thaxt — On Culex sp Common 
Empusa culicis A Braun — On Culex ep This and the preced¬ 
ing Culex-inhabiting species were very abundant on the 
under side of logs and stumps in swamps drying up Both 
conidml and sygosponc stages 

Entomophthora rhisobpoba Thaxt — Common on caddis flies 
Physoderma Menyanthib de By —Parasitic on Menyanlhes 
trifoliate L 


ASCOMYCETES 


D1SCOMYCETES 

Gkoglossaceae 

Cudoniella coniocvboideb Rehm —Growing on myoorrhUa 
in white cedar swamp Myoorrhisa ectotrophic, fungous 
mantle 20-70 p wide Cap "cream buff" to “ochraceous 
tawny" (R) 1-2 mm in diameter, margin slightly lobed, 
stalk 3-6 mm long, 0 3-0 5 mm in diameter 
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Geoglossum glabrum Pore — In sphagnum bog 
Helvella elastica Bull — In swamp Dot C II Kauffman 
He L vella inful a Schaeff — In swamp Det C H Kauffman 
Microglossum fumobum (Pk) Dur — On much-decayed wood 
in cedar swamp 

Mitbula cucullata (Batsch) Fr — On fallen leaves of conifers 
Durand (2) reports this for the northeastern United States, 
i e Maine, Now Hampshire and New York 
♦Sphathulakia velutipes Ckc & Farl — On rotten birch log 

Pkzizaceae 

♦Lachnea eeucotricha (A & S ) Qu61 — On soil 
•Lachnea scutellata (F’k'I) Gill — On rotten wood 
Lachnea stercorea Pera — On deer dung 
Lacksea treleboloides (A & S ) Gill — On dung 
*Lampro8POua CnEc’HQUERAULTii (Crouan) Boud —On white 
birch log 

♦Macropodia macbopus (Pere ) F’k’l — On rotten wood 
Pucaria repanda (Wahlb ) Rehra — On white birch log 

Abcobolacbae 

Ascobolus btercorarius (Bull) Schroet — On dung 
Abcophanus Aurora (Crouan) Boud — On deer dung 
Ascophanus cervinus, sp nov 

Apothecia orange, 1-3 mm in diame&f, gregarious, asci 
cylindrical 144-160 X 8-11 p (spor pt 83^90 X 8-11 ju) 
8-spored, spores hyaline, elliptical 12 5-16 X 6-8 ft, para- 
physes branched, filiform but slightly enlarged at the apices 
Collected September 10, 1927, at Hock River, Michigan, on 
deer dung Type m Povah Herbarium and in University 
of Michigan Herbarium 

This species is closely related to Aacophanua Aurora 
(Crouan) Boud , but differs in having larger apothecia, 
more slender asci and longer spores 
Lasiobolus equjnus (Muell) Karst — On deer dung 
Lasiobolub longibitosus Povah — On deer dung 
Thblkboujs Zuckaui Heinn — On deer dung 
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Helotiaceae 

Chlokosplenium aeruginosum (Oeder) do Not — On old log 
Chlorosplrnium versifokme (Pore ) Karet — On rotten log 
Corynk sarcoides (Jacq) Tul var vjridksobns Rehm — On 
white birch stump 

•Dasyscypha Agassizii (B A C )8acc — On dead Africa baleamea 
♦Helotium citrinttm (Hedw ) Fr — On wood of frondose species 
♦Lachmjm virgineum (Batftch) Karst — On old stick 
Lachnum viridui um Massee <k Morg — On rotten log Apo- 
thecia 0 3-06 mm dtam , asci 41-54 X 8-11 p, spores 
12-14 X 2-3 m The specimens are referred to this species 
although asci and spores do not quite fit Massee and Mor¬ 
gan's (7) measurements 

♦Ombrophila enterochhoma (Pk ) Sacc — On decaying leaves 
in swamp 

Ombrophila hirtella Rchra — On decaying leaves in swamp 
Ombrophila janthina Karst — On decaying leaves and branches 
of conifers in swamp When fresh the color is “ light grayish 
vinaceous” (R ) The asci measure 60-85 X 6-8 /i, the 
spores are 5-8 X 2 5-3 n 

Phiaiea vihgultorum (Vahl) Saco — On fallen twigs in swamp 


Phacidiaceae 

Clithris dbgenerans (Fr ) Rehm — On dead stems of Chamae- 
daphne calyculata Det C L Shear This is a new host, 
Saccardo (8) gives Vaccimum uhginoat and V corymboei 
and Seymour (10) gives Andromeda ep In addition to these 
two species of Vaccimum 
Rhytibma acerinum (Pere ) Fr — On Acer Bp 
Rhytisma andromedae (Pers) Fr — On Andromeda glauco- 
pkylla Pk 

♦Rhytisma iucis canadensis Schw — On Nemopanthee mu* 
cronata 

Rhytisma salicinum (Pers) Fr — On Sahx ep 
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Hypodermataceae 

Lofhodermium Oxi cocci (Fr ) Rehm — On leaves of Vaccmtum 
Oxy cocci 

Lophobermium 8PHAERI0IDES (A & 8 ) Duby — On decaying 
leaf of Ledum groenlandicum 


PYRBN OM YCETES 

Gymnoascaceae 

Gymnoascus uncinatus Fidam — On deer dung Sec l iguro 12 
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Ehybiphaceae 
Uncinula saucis (DC) Wint — On Sahx *p 

Perisportaceae 

Capnodium pini B AC — On living Ptnue Sirdbus Only im- 
perfeot stag© 

Hypocreaoeae 

Cuavicepb microcephala (Fr ) Tul — On Phleum pretense 
*Claviceps purpurea (Fr ) Tul. — On Danthoma spicala (L) 
Bcauv, Agrostis alba L and on Phcdans cananerms L 
Kauffman (3) reported this fungus on different hosts 
Cordyceps roRMicivoKA Schroet — On Former, hgmperda A 
single ant was collected which had two “seal brown 1 ' (R) 
stromata, 1 5 mm in diameter attached by slender stalks, 0 75 
mm long, one to each side of the top of the ant's bead The 
asci measure 170-191 X 0-7 ^u, the spores are hyaline, fili¬ 
form, curved and measure 80-102 X 2 5-3 p Apparently 
no record of an American collection is in the literature 
A letter to Dr C L Shear brought out the fact that no 
American collection is in Washington Professor Thaxter 
wrote in reply to an inquiry “ I was interested in your record 
of C formtcivora which seems a characteristic species and 
which I have found on several occasions in York, Maine, on 
the same species of ant which it attacks in Europe It occa¬ 
sionally produces a pure white Isaria-oondition ” 

Cordtcepb militaris (L ) Lk — On remains of insect in swamp 
•Nectria balsamea Cke A Pk — On Abtee baUamea 
Nectria epibphaeria (Tode) Fr — Paraatio on Hypoxylon fus- 
cum (Pers) Fr 

Chabtomiackas 

Chaktomium cochuoideb Palliser — On paper (label) and wax- 
paper wrapping of collection of deer dung 
Chaetomium Kauffminimum, sp nov (Fig 13) 

Peritheda (Fig 13 A) brownish-black, ovate, 283-372 X 
182-294 >4, attached to the substratum by a tangled mass of 



Fia 13 CKatlomum Kaujfmanumum Pov*h — A, habit ikotch of pen 
thociura, B, portion of terminal hair much enlarged, Q, spores 

dark brown, fiexuoua, simple or sparsely branched, and 
pauci-septate hairs, 2 6-3 n in diameter at the base Lateral 
hairs not numerous, long, unbranched, near the base 
roughened with warts or tubercles, brownish-black, about 4 
H In diameter, gradually tapering and becoming paler to¬ 
ward the pale brown, septate tips Terminal hairs roughened 
with warts or tubercle# (Fig 13 B), simple or 1-3 times 
dichotomoualy branched, with the branches widely diverging 
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and irregularly once or twice forked, at the base brownish- 
bl&ck and approximately 4 p in diameter, tapering and be¬ 
coming paler toward the tips Asci evanescent, 8-spored, 
distichous Spores dark brown, lemon-shaped, apicuiate at 
both ends (Fig 13 C), 9-10 X 6-7 p, when viewed laterally 
compressed, 5 fx broad, with several (3-6) guttulae 
The fungus developod on the label (paper) and wax-paper 
wrapping of a collection of deer dung made on September 10, 
1927, at Rock River, Michigan Type m Povah Herbarium 
and University of Michigan Herbarium 
This species is related to C elatum Kunjse and Schmidt, 
from which it differs in the smaller peritheda, more delicate 
terminal hairs and smaller spores It U named in honor of 
Professor C H Kauffman 

Sphaeriaceae 

Bombarbia fabciccxata Fr — On rabbit dung This fungus is 
recorded as occurring on wood rather than dung However, 
the curious spores, hyaline and worm-ahaped when young 
but becoming at maturity dark brown with a very long, 
hyaline appendage, are characteristic 

Cerabtomataceae 

Ceratobphaeria rostrata (Kickx) Sacc — On decorticated 
wood 

Amphisphaeriaceae 

Amphisfharria thujwa (Pk ) Sacc — On decaying white cedar 
leaves 

LoFHIOSTOM at AC K A h 

Lophiostoma Thujae E A E — On dead white oedar 
Pleosporaceae 

Leptosphaeria Chepini (West) de Not — On Btrobili of Lyco¬ 
podium annoimum L 
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Lbptosphaeria JjTcofodicola Pk — On strobih of Lycopodium 
annoimum and L complanaium var fiabelhforme Appar¬ 
ently these are new hosts for this fungus, which is reported 
on L clamlum 

Vax^ackae 

•Anthostoma Micnosponcid Karst — On Ainu* xncana (L) 
Moench 

Valsa ueucoBTOMA (Pens ) Fr — On Populus tremuloide* Michx 
Xtlaklaceax 

Daloinia oonckntrica (Bolt) Ces A de Not — On Alnua ep 
The spores In our collection, which measure 11-13 X 4 8- 
5 7 are smaller than those given for this species 
Hypoxylon albocinctum E & E — On birch and rod maple 
The stroma is at first “clay color” (R), becoming “Sac- 
cardo’s umber” (R) and at length “clove brown” (R) 

•Hypoxylon fusccm (Pcrs ) Fr — On alder and red maple 

•Hypoxylon MULTiFonMr Fr — On white and yellow birch 
Hypoxylon pruinatum (Klotsche) Cke — On Populu* tremw- 
kndes 

•Hypoxylon rubioinosum (Peru ) Fr — On decorticated wood 

FUNGI IMPERFECTI 

Ckphalothecium roseum (Fr) Cda — On r old leaves and on 
dung 

•Cytospora chri so bpkb ha (Pers ) Fr — On maple 
Macrophoua spartxicola Berl A Vogl — On Agrostu alba L 
Macrosporitjm pingubdinis Berk — On Calamagrottis cana¬ 
densis (Michx) Beauv 
Monilia ochracea, sp nov 

ft Warm buff” (R) to “yellow ochre” (R) effuse, extending 
8X25 cm., pulverulent, hyphae much-branched and 
tanglod (Fig 14A), septate, yellow, 6-7 p In diameter, 
fertile hyphae up to 700 p long, erect (Fig UR), bearing 
simple or branched chain* of elliptical or citriform, pale yel¬ 
low spores (Fig 14 B, C) measuring 11-19 X 6-8 p 
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Fio 14 Momlta ochracea Povah — A, fragment of mycelium, allowing 
branching and aeptation, B terminal end of comdiophore, with ratenulate 
comdia, C, aporea, D, terminal cell of oomdiopbore, with atengmata 
All high power 

Collected on September 5,1927, at Rock River, Michigan, 
on an old coniferous log Typo in Povah Herbarium and 
University of Michigan Ilerbarium 
•Sfhaeronema acerinum Pk — On maple 
•Sphaeeonema PHUiNOStJM B & C — On Amdanchier sp 
Sphaeropsis abietii, sp nov 

Pycnidia superficial, gregarious, globoee-subglobose, 75-90 
(55-110) p in diameter Spores grayish, elliptical, 13—16 X 
5-6 fi Type collected August 22, 1927, at Rock River, 
Michigan, on leaves of a dead branch on a living tree of 
Abies balsamea Type in Povah Herbarium and University 
of Michigan Herbarium 

Thaxtebiola subhtaltna Speg — On nitidulid (?) beetle Det 
R Thaxter In a letter Professor Thaxter says “I do not 
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feel sure that there is more than one species, perhaps two 
It£r svhhyahnd] is more or less ubiquitous and omnivorous 
and may be somewhat lighter or somewhat darker with varia¬ 
tions in the straightness or curvature of the neck ” 
Vehticiluum botryoides Sacc — On Physarum sp 
Verticillium glatjcum Bon — On wood-cutting ant and on old 
log 


BASIDIOMYCETES 

U RE DIN ALES 

♦Caiaptospora columnaris Kuehn Ill —Forming witchcs’- 
brooms on Vaccimum sp 

Dicaeoma Clkmatidib (DC ) Arth I — On Clematis virginuma 
L , II and III —On tlymus tnrgimcus L 

Dicaeoma Rhamni (Wettst) 0 Kuntze III —On CdamogrosUs 
canadensis and Ctnno latifoha (Trev ) Gnesb 

Mblampsora Humboldtiana Speg — On Sahx sp 
♦Melampboropbib Cabbandrak (Tranz ) Arth & JackB I — On 
Pxcea Manana (Mill) BSP , II and III—On Chamaedaphne 
calyculata 

Micropuccinia mebomegala (B & C) Arth A Jacks — On 
Cltnioma borealis (Ait) Raf 

Pileolaria Toxicodendri (B & Rav) Arth — On Rhus Toxi¬ 
codendron L 

Uredinopsis Obmundae Mogn — On Osmunda regahs L 


TREM ELL ALES 

Caiocera cornea Fr — On old log 
Calocera palmata (Schum ) Fr — On old poplar wood 
Calocera vibcoba (Pers ) l r — On rotten log 
Exidia glandulosa Fr — On Populus tremulouks and on dead 
alder 

Gubpinia spathularia (Schw) Ir ■— On old spruce log 
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Aqabicaceae 

*Armillabia mkllea (Vahl) Saco — On hemlock 
Cantharellub ubarius Fr — In coniferous woods 
CuTOCVBE LACCATA Fr Var AMETHYBT1NA Bolt 
♦COBTINAlirUS ARI0LZ*ATUS Fr 
Hygrophorus miniatus Fr 
Hypholoma perplexum Pk — On Betula luUa 
Lentinus lepideus Fr — On coniferous wood 
•Marasmius anorosaceous (L ) Fr 
Marasmi us rotula (Scop ) Fr — On birch log 
MlCENA AMABILIBSIMA Pk 
Omphaua campanella l r — On white cedar log 
*Phouota bquarrosoides Pk — In wound on living Betula lulea 
•Pleurotus porringenb Fr — On rotten log Det Kauffman 
•Pleurotus berotjnub Fr — On yellow birch 
Peutkus cbrvinub Schaeff - On birch 
*Pluteub lboninus Pk — On rotten log 
Russula nigkodisca Pk — On ground under conifers at Little 
Lake, Michigan Det C H Kauffman 
Schiuophyllum commune Fr — On Prun us sp 

Boletaceab 

♦Boletinub pa luster Pk — Common on wood in sphagnum bog 
Clavariaceak 

Clavaria cristata (Holmak ) Pcrs — In sphagnum under white 
cedars 

Clavaria mubcoides L — In cedar swamp 
Hydnaceae 

•Asterodon eerruginosum Pat — On spruce and birch logs 
Hybnum albonigrum Pk — Det Kauffman On ground under 
conifers 

Hyunum caput-ursi Fr — On old log 

Hydnum ochraceum Pers — On Alnue rp and on Betula aSba 

Hydnum rbpandum Linn — In coniferous forest 
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Irpsx sinuosub Fr — On Alnua tncana 
Odontia ambigua Karst — On rotten coniferous log The spores 
are hvahne, globose-subglobose, 3-5 p in diameter, each con¬ 
taining one large oil drop 

♦Phlebla strigobo-zonata (Sohw ) Llovd — On poplar 
Radulum Bennetti! BAG — Under bark on spruce log 

Thelephoraceae 

Aleurodibcub amorphus (Pers ) Rabenh — On dead balsam fir 
♦Exobasidium vaccjni (F'k’l) Woron — On Vaccmium sp 
Hymenochakte agglutinans Ellis — On Betula lutea and Acer 
rubrum 

♦Hymenochaftb tabacina (Sowerb) L^v — On Thuja occi- 
dmialis 

Hypochnub cervinus Burt — On burnt pine log Burt (1) re¬ 
cords a single collection of this species on maple from Washing¬ 
ton Notwithstanding the different host and locality, the 
author's collection has been referred to this species because of 
its thin, inseparable, fructification of “fawn color’' (R ), with 
whitish margin and the hyaline, nodose-septate byphae 
Hypochnub fumobus Fr — On old log of frondose species 
Hypochnub subferrugineus Burt — On Thuja occidmtalte 
Hypochnub umbkinus (Fr ) Burt — On decayed wood 
Peniofhora Candida (Pers) Lyman — On pme log (1 he ab¬ 
sence of spores prevents an unquestionable determination ) 
Pkniophora cinerka (Pers ) Cke — On BehUa Bp 
Peniophora filamentoba (B A 0 ) Burt — On yellow birch 
Peniofhora incabnata (Pers ) Karst — On Populut tremukndes 
•Stxreum fasclatum Schw — On birch log 
STebkum Murrati (B A C ) Burt — On yellow birch logs 
•Stereum radlatum Pk — On pmo log 
♦Stereum rufum Fr — On PopuluB IremuXoidts 
♦Stereum sulcatum Burt — On pine log 

Polyporackak 

♦Daidalba confragosa (Bolt ) Fr — On Btiula alba var papy - 
nfera 
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•Daedalea unicolor (Bull) Fr — On stick of frondoae species 
Fomes apflanatus (Fers ) Wall — On white birch, yellow birch 
and hemlock 

Fomfs connatus Fr — On living Acer rub rum L 
•Fomes fomentarius (L) Gill — Common on white birch, yellow 
birch and poplar 

•Fomes igniarius (L ) Gill — On white birch 
Fomes lahicis (Jacq ) Murr — On hemlock and spruce 
•Fomes nigricans Ir — On yellow birch and on living becoh 
•Fomeb pinicola Fr — On dead red maple and on spruce 
•Fomes scutellatus (Schw ) Cke — On Ainu* tncana 
Lenzttes bbtuuna (L ) Fr — On white birch 
Lbnzites sepiaria Fr - On spruce and pine logs 
Lenzitks viaus Pk — On old log 
Mekuuus ceraceli us (B & C ) Overh — On old logs 
Merulius fugax Fr — On birch and white cedar logs When 
fresh the color vanes from “orange chrome" or “flame 
scarlet" to “zinc orange" (R ) 

Merulius nivkus Fr — On alder 
•Merulius trfmulosus Schrad — On white birch 
Polyporus adustus (Willd ) Fr — On Populua grandtdenlota 
•Polyporus albellus Pk — On white birch and alder 
Polyporus alboluteus E & E — On coniferous log 
•Polyporus alutackus Fr — Lloyd (4) says Bresadpla considers 
P gullulatu * Pk as the same plant 
Polyporus bknzoinus (WahleDb ) Fr — On yellow and on white 
birch 

•Polyporus betulinus (Bull) Fr — On white birch 
•Polyporus brumalib (Pers) Fr — Common on white birch 

•Polyporus elegans (Bull) Fr — On white birch and on alder 
Polyporus fibrillosus Karst — On spruce stump 
Polyporus focicula B & C — On sandy soil 
Polyporus fumosus (Pers) Fr — On rotten log of frondose 
species 

•Polyporus glomfratus Pk — Inside bark of white birch stub 
and on birch and mapte logs 
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•Polyporub LUdDTjfl (Leys) Fr — On old pine stub and on 
hemlock 

Polyporub mollib (Pere) Fr — On old coniferous log This 
specimen suggests P urrtnus Lloyd, but the spores (3-4 X 
0 7-1 fi ) are too small Our specimens are but little dis¬ 
colored, although two are reddish-brown on tho margin of 
the pilous The little discoloration is probably duo to the 
fact that the specimens were dry when collected 
Polyporub pargamenus Fr — On poplar and white birch 
Polyporub perbnnj* (L ) Fr — Growing on sandy soil 
•Polyporub picipes Fr — On maple 

Polyporub pubebcenb (Sohum ) Fr — On dead yellow birch 
•Polyporub resinobus h r — On spruoe log 
Polyporub Rheadeb (Pera ) hr — On living Papulus grandt - 
dentala 

Polyporub Schweinitzii Fr — On exposed root of spruce 
Polyporub bulphurkub (Bull) Fr — On old log 
•PoLYBTicTUS abietinub Fr — On Abies balsamea 
Polybtictus BiBBUTUs Fr — On red maple 
•PoLYsncTUs velutinub Fr — On white birch 
Polybtictus versicolor (L > Fr — On birch log 
Poria carbonaria B AC — On charred wood of pine and white 
cedar 

•Poria perrea (Pere ) Romell - On poplar twigs A collection 
from maple shows numerous cystidta, otherwise it is charac¬ 
teristic 

•Poria ferruginosa (Schrad) Fr — On red maple and white 
cedar 

Poria laevigata Fr — On birch 
Poria ornata Pk — On log of frondose species 
Poria papyracea (Schw ) Cke — On white cedar 
•Poria prunicola Murr — On dead Prunus sp 
•Poria huea Fr — Common on spruce logs 
•Poria subacida Pk — This very common species was collected 
on birch, Bpruce and burnt pine logs 
•Poria vulgaris var calceub Fr (sensu Romell) - On charred 
logs of pine and white cedar 
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♦Porotheuuw fimbriatum (Per®) Fr — On rotten log 
•Sou&nia anomala (Pers) Fr —On log of frondoso species 
♦Trametes carnba (Nees) Cke — On pine and on charred log 
Trametes Morgani — On dead red maple Saccardo (9) gives 
this as a synonym of T micans (Ehrn), but Lloyd (5) says 
it is distinct 

•Trametes pini Fr — On spruce and other conifers 
Trametes quercina Lloyd — On log of frondoee species Lloyd 
(6) named this species from material which the author col¬ 
lected in southern Michigan Since this later collection is 
more fully developed than the type collection, and since the 
original description is incomplete, it seems advisable to give 
an emended description from the Rock River material. 

Pileus corky, sessile or effuso-reflexed, imbricate, ft-11 X 
1 8-3 5 X 1 5-4 cm , white when fresh becoming “ cinnamon 
buff” with rones of “clay oolor,” “tawny olive” or “Sao- 
cardo's umber” (R), villous or hirsute, margin thin, “light 
buff” (R) sterile below, context white or pallid, 3-12 mm 
thick, tubes 2-9 mm long, the mouths white turning brownish 
when bruised, angular or round, 2-3 per mm , spores hyaline, 
straight or slightly curved, 5-7 5 X 2-2 5 /u, hyphae 3 p in 
diameter The fungus is fragrant when fresh, but when dry 
has only a slight odor suggesting that of cucumbers 
Trametes tenuis Karst — On birch Det D V Baxter 
Trametfs variiformib Pk — On burnt pine log 

GASTEROMYCETES 

Bovista pila B & C — On ground at Little Lake, Michigan 
Lycoperdon pyriforme Bchaeff — On rotten log 
Nidularia pisrroRuis Roth — On sticks and decaying leaves 

Hasvard Universitt 
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VECTOR METHODS AS A BASIS FOR MATHE¬ 
MATICAL FORMULATION OF THE DATA 
OF OENOTHERA GENETICS * 

JOHN FITZ RANDOLPH 


I 

J7XTENSIVE work ou the inheritance of Oenothera and allied 

forms has shown that in many cases the offspring take the 
characteristics of the pistillate parent regardless of the pollen 
parent, or vice versa Bartlett's 1 and his associates’ work on 
Oenothera prattncola and Oe Reynoldnt and their mutations has 
shown matrochmc inheritance in a most exhaustive system of 
crosses and back crosses, whereas the work of DeVnes * on Oeno¬ 
thera biennia and Oe ayrticola provides a case of patroclmic 
inheritance These are merely examples from a considerable liter¬ 
ature, chosen because of their familiarity There are, however, 
some who still seem to feel that the part of Oenothera work which 
does not follow the well-established Mendelian laws must bo faulty 
in method or interpretation George H Shull, 1 himself engaged 
in Oenothera investigation, has led in this attitude 

If, then, the “oenothensts,” if they may thus be termed, who 
have not been able to Sting their rcsultB into conformity with the 
conventional explanation of inheritance, could find some mathe¬ 
matical law that Oenothera strictly follows, one considers whether 

* Paper from the Department of Botany of the University of Michigan, 
No 318 

1 Bartlett, H H, " Mass Mutation in Oenothera prattncola” Bol Oaz, 

60 436 - 466 , 1616 

* DeVries, Hugo, "ITber doppeltreaiproke Bastarde von Oenothera btennte 

L und 0 muneota I Btol Centralbl , 31 07-104 1911 

* Shull, George H , “Linkage with Lethal Factors the Solution of the 

Oenothera Problem," Eugene*, Genetic* and the Family, 1 86-99 1933 
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their work would not be given more attention To aid the for¬ 
mulation of such a law this paper lb written, using some of the 
principles of vector analysis for a mathematical basis The cross- 
product and some of its immediate oonsequenoes are particularly 
applicable It brings out strict analogy between the Oenothera 
phenomena and other natural phenomena, and indicates that the 
regularities of inheritance observed in the non-Mendellsing Oeno¬ 
thera crosses are capable of mathematical formulation, even though 
not by simple algebra, as in Mendelisra 


VECTORS 

II 

In order to understand the laws, consider first Gibbs and Wil¬ 
son's 4 explanation of vectors 

In mathematics and especially physics two very different kinds of quan 
titles present themselves Consider for example mass, tune, density, tempera¬ 
ture, force, displacement of a point, velocity and acceleration. Of these 
quantities some can be represented adequately by a single number —■ tempera 
ture by degrees on a therraoroetric scale, time, by years, days, or seconds, 
mass and density by numerical values which are wholly determined when the 
unit of the scale is fixed On the other hand the remaining quantities are not 
capable of such representation Force to be sure is said to be feet per second, 
but In addition to this each of them must be considered as having direction as 
well as magnitude, A force points North, South, East, West, up, down or in 
some intermediate direction The same is true of displacement, velocity, and 
acceleration No scale of numbers can represent them adequately It can 
represent only their magnitude, not their direction 

Definition A vector in a quantity which is considered as po—earing 
direction as well as magnitude 

Definition A senior is a quantity which ia considered as possessing 
magnitude but no direction. 

A vector is usually represented by an arrow pointing in the 
direction in which the displacement is taking place and having a 
length equal to the magnitude The pl&oe where the vector starts 
is called the origin and where it stops if called the terminus A 
vector will be represented by a and its scalar value, or magnitude, 
by a Thus in Figu^tlfi the direction of vector a is plainly seen 

4 Gibbs, J WiJkrdand Wilson, Edwin Bidweli, Vector Analysts Charles 
Scribner's Sona New* York, 1013 
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to be from P to P' and its magnitude Lb a Also, 2a has the same 
direction as a, but the magnitude is 2a The other vector, -a, 
represents a displacement in the oppo¬ 
site direction, but has the same magni¬ 
tude 

To move a vector from one point 
to another does not alter its value 
If two vectors, say a and 2a, are 
added, a now vector in the same direc¬ 
tion as a, but three tunes os long, is 
formed This is shown in Figure 10 
That is, if a force a is exerted on a load 
and then another force 2a, twice as 
great as the first and m the same direc¬ 
tion, is added, the total amount of force 
exerted would be the same as if a single 
foroe three times as great as the first were applied in the same 
direction 

If two parallel vectors are sub¬ 
tracted, say 2a - a, the result is a vector 
of length (magnitude) a Also a - 2a 

— —a. 

If the vectors are not parallel, they 
can be represented as a and b The re¬ 
sultant of a 4- b is defined as the long 
diagonal of a parallelogram of which a 
and b are sides (Fig 17) The reason 
for this can be seen by considering a load 
being pulled by two non-parallel forces, 
a and b If it is desired to do away with 
these two forces and apply a single force 
that will accomplish the same result, 
this can be done by using the diagonal 
of the parallelogram (Fig 17) as both 
direction and magnitude This is geo¬ 
metric addition in contrast to the usual algebraic addition If a 
steps are taken along a and then b steps along a line parallel to 
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b, the point reached would be the some ae taking a* + 6* — 
2 ab sin B steps along the diagonal of the parallelogram determined 
by a and b 

The vector • — b is the short diagonal of the parallelogram 
with direction and sense as indicated 



b 


Fig 17 
III 

It has been assumed — the reason will be brought out later — 
that there is the same type of difference between the material on 
which “Mendelis^" work and Oenothera, as far as inheritance is 
concerned, as there is between scalar and vector quantities That 
is, most plant and animal material follows scalar laws, but Oeno¬ 
thera possesses direction as well as magnitude in its breeding As 
will be shown later, the cytological work of Cleland, followed by 
that of Kulkarni, is demonstrating a mechanism of Inheritance 
which shows why Oenothera inheritance is often direoted, ie 
matroolinio or patroclimc 
In scalar multiplication 

2a X == 8ab, 

or (x + y) (x -f y) « x* + 2xy + y *, 

and the geneticists say, correctly, that, if T - tallness (referring 
to Mendel's experiment of peas) and t « shortness and two Fi in¬ 
dividuals heterozygous for tallness are crossed, the result would be 

(T + 0 iT + D - TT + 277 + U, 
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where three F| individuals are tall and one is short On the other 
hand the oenotherists cannot say, Let P *■ Oe pratincola and 
p » Oe n\mxmat\ca y l and the Fi heterozygote be stlf-pollinatcd, 
and the result will be 

{P + p) (P + p) - PP + 2Pp + pp, 

with the Ft generation consisting of three Oe pratincola and one 
Oe nunumatica, for such a phenomenon is not observed 

In the crosses above referred to the forms aro two related speck s 
collected by Professor Bartlett in 1912 at Lexington, Kentucky, 
which have been studied in considerable dt tail by him and Dr 
Fneda Cobb Blanchard* because of the generally matroclimc in¬ 
heritance of their mutations 

What actually occurs is that Oe pratincola X Oe numismatica 
(following the convention of putting the female parent first) forma 
an Fi of slightly modified Oe pralincola t which m turn, if allowed 
to sclf-pollinate, breeds true through any number of succeeding 
generations almost identical to a parallel culture that had Oe 
pratincola for both Fi parents Still more interesting is it that 
the reciprocal cross Oe numismatica X Oe pratincola breeds pure 
Oe numwnattca as consistently as the first bred Oe pratincola 
That is, 

Oe pratincola X 0* numismatica -* Oe prat -* Oe prat 
Oe nwmw X Oe prat * Oe nwmw —♦ Oe numts - 

It is this phenomenon which has an analogy with the vector cross 
product which will now be given 

* The result* of Oe pratincola and Oe numtmatica crosses have never 
been published but were given to the author by Professor Bartlett They 
can be paralleled by the crosses of f ti/jnca and rout sernialta of Oe Reynoldm 
given later in this paper 

* Cobb, Fneda, and Bartlett, H H, "On Mendelian Inheritance m 
Crosses between Mass-Mutating and Non Mass-Mutating Strains of Oenothera 
prolincolfl/’ JWn Wwfc Acad <Sct r 9 462*482 Oct 4,1919 
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Definition 

a X b - c ob sin 0 , 7 

where c is a vector normal to the piano determined by a and b 
directed aa a right-hand screw if turned from a to b through an 
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angle 6 less than 180° and having a magnitude oqual to the area 
of the parallelogram determined by a and b This is shown dia- 
grammatically in Figure 18, in which a solid must be visualised 
with the plane a, b perpendicular to the plane of the paper, with c 
in the plane of the paper 

Notice that in b X a the screw direction will be opposite to 
that of a X b, i c 

b X a - — c ab sin 0 

This would lead to Figure 19, in which the product vector has the 
same direction as that of Figure 18, but with the dense reversed 
Out of this grows the general law 

a X b - -b X a, 

a relation which has no counterpart in scalar mathematics 

T In vector analysis two product* ore used: the crow product iXb 
(hen given) and the dot product a b The dot, or scalar, product has no 
application here, and henoe u not given 
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VECTOR LAWS AS RELATED TO OENOTHERA* 

V 

Now by assuming that Oenothera possesses direction as well 
as magnitude In Its inheritance an analogy with the vector cross 
product presents itself, that is, if p (» 0e pratincola) and n 
(« Ob numtsmaitca) behave os vectors, tho vector cross product 
finds a ready application By " possessing direction/' in thiB case, 
1 b meant that a sygote is not to be formed by a combination of 
any two gametes, but only by two which are complementary to 
each other, in that they may bring together particular combinations 
of chromosomes that are identical with parental combinations 
It also means that at the reduction division there is no random 
disjunction of the two elements of chromosome pairs to either 
pole, but a necessity for chromosomes to disjoin in definite asso¬ 
ciation. 

It can then be said that 

pXtt - c pn sin $, 

which is experimentally known to be Oe pratincola Also, 
n X p - — c np sin $, 

• For simplicity, matrodinio inheritance alone will be oonddered 
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which 1b Oe numwnatica Further, since p and n behave as vec¬ 
tors, it will be true that 

P X n - -nXp, 

which can be interpreted as reciprocal crosses, give reciprocal 
offspring Such a relation is essential to the mathematical formu¬ 
lation of Oenothera genetics, but since it could not be found in 
any field of scalar mathematics investigators wore left with a 
feeling of uncertainty as to how their results could be formulated 
It has often been stated by those who were commenting upon the 
Oenothera results that they showed “some kind of regularity ” 
If so, it should be possible to formulate them mathematically, and 
this paper is an attempt to indicate how it may be done 

VI 

Still more conclusive evidence is obtained by considering the 
further analogy between the alpha-beta hypothesis of Professor 
Bartlett and the vector cross product He assumed that in each 
somatic cell of Oenothera there are two chromosome complexes, 
which he called the a-gamete and the /3-gamete Each complex 
consists of chromosomes organized in such a way that at the re¬ 
duction division the a-chromosomes are drawn together at one 
pole while the /3-group is formed at the other pole Moreover, in 
case there is elimination of either type of gametic complex at the 
reduction division, the female side has a distinct tendency to re¬ 
tain the of-group and discard the /3-group This may happen as 
some obscure difference between the mogasporc reduction and the 
microspore reduction, since in the former case there is a regular 
elimination of three out of four reduced cells At fertilization the 
0-spcrm is either more strongly attracted to the egg than is an 
o-sperm* or else aa-combinations prove to be generally lethal 
Then, the gametes produced by a plant are like the ones which 
went into its own make-up, i e the gamete complex which came 
from the egg goes back into an egg while the gamete complex from 

* Incidentally this follows the behavior expected if a- and 0-ohromoeomee 
pomes opposite electrical chargee from the prophaae until shortly after fer¬ 
tilisation 
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the sperm goes back into the functioning sporms Direction must bo 
taken into consideration in the formulation of such phenomena 
The o-gamete is, then, the one that carries most of the dif¬ 
ferentiation genes that determine the specific distinguishing charac¬ 
teristics which the plant will take on and is, therefore, different 
for each species of a closely related group On the other hand the 
/9-gamete is almost a blank as far as specific character determiners 
are concerned and hence is alike for many related species True, 
there are four known characters in the group of Oe pratincola, bud 
color, color of the axis of the inflorescence near the apex, viscid 
pubescence of the buds and revoluteness of tho leaves, which are 
determined by the 0-gamete, but these are so few and insignificant 
in comparison with those of the a-gamete that they need not be 
considered in this general discussion 

Through the cytological examinations of Oe pratineola by 
Kulkarni, 10 it was found that the fourtoen chromosomes emerge 
from the second contraction of the prophase connected end to 
end by delicate threads rather than in pairs, as in Mendehsmg 
material During the metaphasc this chain, which is generally 
closed, persists while the spmdle fibers attach themselves in such 
a way as to draw alternate chromosomes to the same pole In 
the anaphase seven chromosomes are drawn toward each pole, the 
connections being broken between the members of the two separate 
groups as they near the poles, thus establishing two reduced nucloii, 
each with a definite combination of chromosomes Such a formation 
as this is essential to parallel Bartlett's alpha-beta hypothesis, just 
as the usual chromosome behavior parallels that of unit character 
inheritance in material following Mendehan laws The correlation 
of these findings with the genotica] are still not worked out in 
detail, but enough has been done to warrant investigators in look¬ 
ing optimistically to future developments Cleland 11 is the leader 
in this field of work in America, and Renner 11 in Europe 

“ Kulkami, Chan drak ant Q , "Meioeia in Pollen Mother Colli of 8train* 
of Omotkera prattncola Bartlett,’ Hot Oat , 88 218-260 March, 1029 

11 Cleland, Ralph IL, * Chromoaome Arrangement during Meioexa in Certain 

Oenothera," Am Not , 67 562^566 1923 

“ Renner, O, “Untersuchungen Uber tho faktorielle Konatitution etniger 
kcrraplex-heteroiygotiseher Onothera,” Bibkothsca genttica, 9 168 pages, 68 
text figures. 
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VII 

The correlation of the alpha-beta hypothesis and the vector 
behavior of Oenothera can be seen more clearly by using the fol¬ 
lowing notation 

( p)a for tbs ot-gamctic vector of Oe pratincola 
(p)£ " “ 0- 1 ‘ “ M “ 

(n)a 44 44 <*• 11 M M ‘ numttmma 

(n)0 " 11 > 14 4 4 44 44 44 

The cross Oe praltncola X Oe numismahea then resolves itself into 
( p)a X (n)£ -* c (p)a (n)0 sin 0 - Oe praltncola , 
with the reciprocal cross given by 

(n)<* X (p)f? - — c (n)a (p)0 sin $ *- Of numtsmatoa, 
instead of 

p X n - c pn sin 0, 

and 

n X p - -c np sin 0, 

respectively, which will be discarded in favor of the more exact 
relations The diagram of Figure 18, then, will be replaoed by 




the more elucidative one of Figure 20 A , in which the conventional 
position of the vectors shows that the female parent was Oe 
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praitncola and contributed the a-gametc, that the male parent was 
Os uurnitmaltca and contributed the 0-gamcto, and that the cross 
is matrodinjc (patrochnio Inheritance would have the cross product 
vector with downward sense, but with a positive sign) Figure 
20 B would replace Figure 19 


SOME COMPLICATIONS OP THE GKNETICAL RESULTS 

VIII 

It has boon seen that Ot pratincola X Oe numemaltca - 
modified Ot pratincola , which is true except when large progenies 
are grown, when a few plants of Oe numiematica are observed as 
well as a very few other plants neither Oe pratincola nor Oe 
numiemattca, but which divide themselves into two distinguishable 
groups Likewise, the reciprocal cross shows a few plants of Oe 
pratincola and the other two unnamed groups just mentioned 
The crosses thus far considered have been such that the progeny 
had the gametic constitution a$ or This in general is the case, 
although a few plants can have both egg and sperm containing 
the a- or /3-gametes forming euoh combinations upon fertilisation 
as aa or dd in addition to the usual forms This leads to a compli¬ 
cation which, however, still fits into the vector scheme here pro¬ 
posed Under the alpha-beta hypothesis it may be said that a few 
eggs are formed with /3-gametes and that upon fertilisation an 
occasional union of a sperm with an egg of like gametic constitution 
takes plaoo Hence the cross becomes 

ar/9 many (praitncola) 

Oe pratincola X Oe numiematical ^ a * ew (numisTnattca) 

1 aa very few 

9 very few 

with the reciprocal cross similar 

Dr Blanchard 11 says, in recording her work on mutations of 
Oe pratincola “It is the alpha gametes which are responsible 

u Blanchard, Frieda Cobb, "Hetero game tic and Homogametic Hybrid* 
between Two Mutation* of Omolkera praitncola,' Pap Mtck Acad Set, Art* 
and Letter*, 0 188-180 1986. Quotation on page Ml 
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for the form of the plant, except so far as the four known beta 
factors may modify it Therefore alpha-alpha hybrids have the 
combined appearance of the two forms represented Any alpha- 
alpha plant has a characteristic appearance which is easily recog¬ 
nisable On closer examinations the characters of the two parent 
forms can be distinguished, and, at least in many cases, the parent¬ 
age can be determined without help from the records ” The beta- 
beta plants arc marked by a characteristic gray aspect, due to the 
pubescence, and are very frequently Sterile dwarfs that seldom 
flower and therefore are easily distinguishable from the alpha- 
alpha plants or either f tyjnca 


IX 

For the vector explanation consider the voctors 

P “ (p)a + (p)/3 

and 

n - (n)a -f ( n)Q 

Then the cross Oe prahncola X Oe numxemalica would bo given 
in full by 

[(p)a + (p)/3] X [(n)a + (n)£J« - 
(p)a X (n)a + (p)a X (n)0 + (p)0 X (n)a + (p)/3 X (n)/3, 

m which 

(p)a X (n)0 - c (p)c*(n)d sin 6 
has been called Oe prahncola, so that 
(p)£ X (n)a - -c (p)0(n)a sin 6 - -(n)a X (p)& 
is Oe numtmaltca, and the other two combinations 

( p)a X (n) c' (p)a(n)a sin Q f 
(p)P X (n)£ - -c' (p)d(n)0 sin $' 

will be neither Oe praUncot/i nor Oe nunuematica, but will be dis¬ 
tinguishable from each other 

The diagram would now be somewhat more complicated, as 

u The vector crow product is distributive, except that the order of the 
factors must be carefully maintained upon expansion 



Vector Methods and Oenothera Genetics 


203 


Figure 21 shows The vector p and the vector n are in the piano 
of the paper, while (p)a, (p)ft (»)<* and (n)f$ must be visualized 
as extending above or below the plane of the paper In this (p)a 
and (n)£ determine the plane to which c is normal, while (p)a and 
(n)a determine the plane to which c' is normal Consequently 
c and c' will not be parallel, so that c' will be unable to represent 



either Oe pratmcola or Oe numtsmahea, but will represent a char¬ 
acteristic plant The vector —c' holds the same relation to c' 
that - c does to c 

It will be found more convenient, however, to project (p)a and 
(p )£ upon p and (n)a and (n)/3 upon n in order to have all parental 
vectors in the same plane Then, since many more eggs have 
a- than /3-gametes, the pistillate vector will be represented by 
Figure 22 The functioning sperm vector will then have a hko 
ratio of £ to a, as shown by Figure 22 B 

lf t then, the complete result of the cross Oe pratmcola X Oe 
numiematxca is represented diagrammatically, Figure 23 would 
result Here c' should not be represented as parallel to c since 
the alpha-alpha or beta-beta plants are not like either f typxca, 
but a diagram representing all details would be complicated to 



204 


John Flit Randolph 




Fia 22 



draw and hard to visualize Figure 23 may be separated into its 
various components as given in Figures 244, B, C and D , which 
shows from which parent each gamete came and the way it was 
oombined with others to form a plant of Ot prattneda, Ot numu- 
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matica, alpha-alpha form or beta-beta form, respectively, in the 
cross under consideration 

The reciprocal cross would have complementary parts, i e the 
p *s and the n's would be interchanged and the cross product 
vectors would all be reversed in sense 


While working with Oe Reynoldm, one of the wild species of 
Oenothera that has undergone mutation, La Rue and Bartlett u 
found further variation in matroclinic inheritance that may be con¬ 
sidered as a special case of the results given In the previous para¬ 
graph They studied the three mutations of Ot Reynoldm named 
and characterised by Bartlett os 

met semialta, about half as high as f typica 
mut dfibllis, a weak dwarf with much reduoed foliage 
mut bilonga, closely resembling mut temtaUa in form and stature, but with 
fruit twice as long 

In cultures there were no gradations betwoon these mutations, each 
being so distinct as to be easily recognised 

w La Rue, Cart D, and Bartlett, H H , “ Matroclinic Inheritance in Mu 
tattoo Crosses of Oenothera Reynotdm” Am Joum Bot, 4 110-144 March, 
1017 
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The value here is m the result of crosses which are as follows 

typica X semialta -► typica -*■ 

typica X debilia —► typics —> 

typica X bilonga -* typica -f yellow twin -* typica 

•emiaita X bilonga -» aemialta —> 

debiha X typica —» debiha -+ 

deb ilia X aemialta -> debilia 

debiha X bilonga —» $ debilia + } bilonga 

bilonga X typica ~+ bilonga + yellow twin —» bilonga -* 

bilonga X aemialta —* bdouga -j- yellow twin -+ bilonga -* 

With one exception {debxhs X bilonga) the inhentanoo is strictly 
matroclfmc, as the yellow twin never develops into a plant, but 
dies soon after the cotyledons are pushed through the ground 

XI 

In this case it must be that the eggs are formed in such a way 
that one half of them contain a-gametes and the other half contain 
0-gametes This would lead to a vector composed of a and 0 
portions of equal length in contrast to the vector of Oe pratincole 
given in Figure 22, in which there is a great difference in the lengths 
of the a and 0 portions To keep the language of this paper, the 
cross would be 

[(«0« + X [(6)a + 

(d)a X (b)a + (d)a X W + MM* X (b)a + (<j)/3 X (6)0, 
of which 

(d)a X ( b)ot and (d)£ X (b)0 
very seldom occur, while 

(d)a X (6)j8 - c (d)a(b)fi ein 9 « debits 
and 

(d)0 X (6)a « -c (d)0(6)a sin 8 - bilonga 
occur in equal numbers. 

This cross would then be represented by Figure 25 (leaving 
out the insignificant component of composition aa or 00) It will 
be noticed that the force c is balanced by the force — c, with the 
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result that m this cross there is no advance in numbers of either 
type of plant over that of the other Figure 2$ may be split into 
Figures 26 A and B t showing the constitution and formation of 
Oe debiiu and Oe bilonga, respectively 
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MUTATIONB 

XII 

It has been observed that the mutations of Oe Reynolds*t 
are all plants of lesser stature than that of f typica, but no ade¬ 
quate explanation of the reason for this has been given Also 
it might be added that the mutations are less hardy than f typica , 
being much more difficult to grow in the garden and probably 
very seldom existing in the wild state Since this weakness of 
mutated forms seems to be universal, it should be possible for 
the vector formulation of Oenothera behavior to take It into ac¬ 
count With this in mind we may analyse- more carefully the 
laws proposed here 

Although it has not been previously pointed out, it has been 
tacitly assumed that the pistillate vector and the functioning 
sperm vector are of the same length, since every egg must be fer¬ 
tilised by one and only one sperm Therefore, for this work it 
might be said that instead of 

a X b « c ah sin 0, 

the simpler relation 

a X b - c o* sin 9 

might be used and the parallelogram multiplying the vector c is 
an equilateral parallelogram as it has been pictured in the figures 
Then, since the vector c gives only direction and o is always con¬ 
stant, nothing can change vectorially under mutation except the 
angle 9 If, then, hardiness of a plant, or, more broadly, the ability 
to persist and reproduce Is considered as determined by the area 
of the base parallelogram, a good mathematical analogy is ob¬ 
tained If f typica were invariably the most hardy plant, its 
parallelogram would have a maximum area and so would be a 
square and 9 would be 90° The non-mutation inheritance would 
then be given by 

aXb«ca5sin90 o «ca* 

Since most mutations tend to decrease the hardiness of the 
plant, the angle 9 will either decrease or increase from 90°, since 



Vector Methods and Oenothera Genetics 209 


0 * sin 6 1 for 0 * $ ~ 90° or 90° 0 s 180° 


The most vigorous chromosome combination would theoretically 
be the f typica, with 9 ** 90° If, however, a rare mutation were 
to occur, more vigorous than f typxca t it would indicate that 6 
had not been 90°, but perhaps close to it If 6 were close to 
90°, nearly all mutations would be weaker than the parent 

From this standpoint there are some interesting implications 
as to hybridisation If a new form were created by the fusion of 
an o-gamete with a different 0-gameto (from a somewhat distantly 
related spocies group), a new combination would be created in 
whieh 6 might be much less than 90° and there would then be a 
possibility of many mutations from the hybnd parent stronger 
than the parent itself 

For mufc semtaUa , then, the equation 

ab 

m db sin 8 
h 


for a relative determination of its hardiness must be solved Here 


1 “ »n 0 0 - 

so 

9 - 30° 


Likewise for raut debilis 

$ - 14° 30' 


XIII 

A very good reason for the decrease in angle can be seen by 
considering the inverse process to cross multiplication The entire 
explanation so far has been considering the process of taking two 
veetors a and b, or say (p)a and (p)0, and forming their cross 
product to obtain 

c (p)a (p)0 sin 9, 

which was defined as Oe pratincola With the (p)a and (p)& 
determined, there will be a unique result This process of combin¬ 
ing two vectors In crew multiplication to form a third vector cor- 
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respond*) to fertilisation in which the elements of two individuals 
are united to form a third individual Now start with 

c ( p)ot(p)p sin $ 

and decompose it into (p)c* and (p)/3 It will be seen that this 
can be done in only one way since the sidos of the base parallelo¬ 
gram must remain constant This process of splitting a vector 
into two vectors whose cross product is the original corresponds 
to the reduction division in which the parent forms two elements 
such that, if two elements of this kind are properly combined, 
an individual indentical with the first will be formed If, however, 
as this decomposition takes place, the angle between the vectors 
(p)a and (p)& is changed from that of f typica, thus forming 
new vectors ( p)a 9 and (p)/S', a mutation will have occurred without 
altering the magnitudes of the vectors or changing the chromo¬ 
somes in any way This could be done in an infinite numbor of ways, 
so that theoretically there could be an infinite number of mutations 

If only the laws of chance were involved, plants of every grada¬ 
tion of hardiness from a non-developing seed to the sturdy f typica 
would be formed and the 00° angle would not be formed any more 
times than any other named angle, whereas f typica is known to 
occur many more times than any other type Also, the 30° angle 
of mut 8emialta and the 14° 30' angle of mut debthti occur more 
than any other except the 90° angle m Oe Reynoldsti It must, 
therefore, be assumed that within the plant there is some forco 
that influences the gametes to form vectors of only a few definite 
directions, thus resulting in relatively few types of plants This 
is given because it strengthens the notion that many of the Oeno¬ 
thera phenomena possess direction, but that there is little left to 
chance, which is a ruling factor in Mendelian inheritance 

XIV 

SmUIAAY 

In conclusion we may consider this point of view of the analogy 
in the proof of Oenothera genetics with that of the better estab¬ 
lished Mendelian branch of genetics 
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Proof of Mendehan taw* 

1 Hypothesis of ft physical basis 
for each character, with each earner 
having on allelomorph and several 
camera linked together with inde 
pendent segregation of these linked 
groups 

2 Cytplogical discovery of the 
paired chromosome* with behavior 
that parallels the hypothetical linked 
group of mechanical camera 

3 Scalar mathematics especially 
the laws of chance as a bams for the 
explanation of the combinations of 
characters and simple algebra as a 
means of formulating the results 

SrRACUeiB UNIVERSITY 

Stkacusk Nkw \ork 


Proof of Oenothera laws 

1 The alpha-beta hy}>oth<uus of 
Bartlett in ^yluch there are no allelo 
morphic pairs and the results of 
inheritance are restricted through 
limitation of free chromosome segre¬ 
gation 

2 Cytological discovery of a 
chain formation of chromosomes with 
definite organisations that parallel 
the alpha-beta hypothesis 

3 The vector cross product as an 
explanation of directed inheritance 
and the vector analysis notation as a 
means of formulating the results 




PETUNIA PARODII> A NEW SPECIES OF THE 
SUBGENUS PSEUDONICOTIANA FROM 
ARGENTINA * 

WIILIAM C STEERE 

Petunia Parodii, sp nov Herbaoea, erocta, ramoaa, donee 
viscido-pubcsocns Caulee 5-8 dm longi, internodus 5 8 cm 
lon^is Folia ovata, mtegemraa, apice acuta \el subacuta Podi- 
cclli flonferi 3 5-7 era longi , fructifcn, 6 9 cm longi Calyx 
camp&nulatue, laciniis linean-oblongis vel spatulatis, 8 15 mm 
longis Corolla alba, infundibuhforrais, tubo cylindnco, 5-7 5 
cm longo, 1-3 ram in diametro, limbo 4 5 cm in diaraetro, 
purpureo-venoso, lobia aoutis Stamma 5, usque ad media corollae 
tubo adnata, 4 aequilonga, vcl paululo inacqualia (vix didynamia), 
6-7 5 cm longa, quintum parvius, 5 -0 5 cm longura Stylus fib 
formie Capsulae 12 15 mm longae, in diametro 6-10 mm , apice 
bifida© Semina 21-28 diebus post anthesm maturantia, minute 
retloulato-aspera P Parodit differt a spccicbua affinibus subgcnens 
Pseudonicotian&e statura majore erccta, intemodiis longionhua, 
tubo corolla© praosertim longiore, lobis acutioribus minonbus, 
purpuroo-venoso, stanunibus 4 subaequilongis, non (modo P 
axillaris (Lam ) BSP) valde didynamis Specimen typicum ex 
seminibus a cl Dr Lorenzo R Parodii in provincia Formosa, 
Argentina, Feb, 1928, lectis, in Horto Botamco Univcraitatis 
Michigancnsis cultum anno 1929 sub num W C S 202-1 

Plants erect, branching, stout for the genus, densely glandular- 
pubescent, the viscid hairs about 1 mm in length Stems grocn, 
diffusely branched, erect or somewhat decumbent at the base, 
herbaceous to slightly suff rutosoent, 5-8 dm high, internodes 
5-8 cm long Leaves soft, fleshy, entire, apex acute to subacute, 
the basal 2-4 cm long, 1 5-3 cm wide, narrowed into short, 
margined, distinct petioles, alternate, ovate to broadly oval, the 
uppermost smaller, elliptical to lanceolate, subsessile, those sub- 

* Paper from the Department of Botany of the U wye ratty of Michigan, 
No 320 
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tending the flowers opposite, sessile, cordate-clasping, the lower 
2-5 cm wide, 15-4dn long, th< upper minute Ptdunclen slender, 
hirsute, ut flowering time 35 7 cm long, in fruit, 6 9 cm long 
/'/mars large, solit iry on axillary or terminal peduncles Calyx 
campunulak, glandular pula scout, deeply cleft or parted into 5 
mrnowly line ir-oblong to sputulati unequal segments, 8-15 mm 
long, the tubular basal portion somewhat angled, 1-7 min long 
( aiolla funnel shaped, while, seated loosely in the calyx, the tul>e 
stiaight, cylindric, slightly enlarged above, densely pubescent, 
elee ply \eined with purple, 1 3 mm in diameter, V 7 5 cm long, 
the limb plicate, purple -v< me d 4-5 cm in dnmeter, normally 
five lobed, the lotx s rather pointed *Sf«we?is 5, jarfeet, inserted 
slightly ihovt llu middle of the enrol la, and me luded in it, 4 of 
them of ceiud length or very slightly didynamous 0 7 5 cm in 
length, the fifth distinctly smaller, VO 5 cm long, fil iments 
slender, glabrous, anthe rs ovoid, two-lobe d Pistil Ovary two- 
celled, ov ite , styli filiform, 5-7 5 nun long stigma a green, di¬ 
lated, hilnbe el dise ( apsule ovoid, unite, 6- 10 aim in diameter, 
12-15 mm long, two-celled, two-valved, each valve slightly cleft at 
the tip Seeds small, numerous, brown, testa roticul ite roughened 
with minute thicke nmgs, ripening 3 4 weeks after pollination 
Am i niina ee ntrill pirl of the province of Formosa, L H Parodi 
February, 1928 tullivatcd at Botanical Garden, Umv Mich 
under no \\ G S 202 1 (Typo specimen from eultivatcd plant 
in Herb Umv Mich , ItQ W C Steen ) 

Petunia Parvdu, sp nov (su PI XWll), re se mbles P nxiU 
Ians (I am ) BSP (sen PI XXXIII) in se ve ral ways and obviously 
belongs with it in the subgenus Psoudomcotiana R L 1 nes This 
affinity is shown by leaf shape and manner of branching, by the 
white corolla, with its Mibcylindric tube ind median attachment 
of the filaments, and also by the shaj>e of the fruits It was de¬ 
termined by a cytolugical investigation that there are 14 diploid 
chromosomes, which are eoinple tely paire d and uppe ar as 7 gemini 
at diakinesis during microsporogcnesis This is also the number 
found in P axillans (Lam ) BSP 

Despite the similarities, P I'arodu may easily be distinguished 
from its allies by the larger, more erect stems, with longer inter- 
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nodes, which give a characteristic habit to the plant, by the un¬ 
usually long corolla tube, the smaller limb, with more pointed 
lobes, and the presence of the deep purple veining (see PI XXXIV) 
The stamens also are distinctive, because of the very small differ¬ 
ence among the 4 long stamens, which are strongly didynamous 
in P azillans (Lam ) BSP The time required for ripening of the 
seed after pollination is only 3-4 weeks, considerably shorter than 
that In any other Petunia in the writer's cultures at the Botanical 
Garden at Ann Arbor 

Seed of this species was very kindly sent to me by Dr Lorenso 
R Parodi, professor of botany in the University of Buenos Aires, 
Argentina, who collected it in the central part of the province of 
Formosa dunng February, 1028 It was sent for P axillaris 
(Lam) BSP , though Dr Parodi mentioned the fact that it was 
somewhat different from the strain grown at the University of 
Buenos Aires 

Tick pm Univinwitt 

Philadelphia, Pennsylvania 




AN UNUSUAL SEASONAL GROWTH RING 
IN EUCALYPTUS* 

WAI TEH W rUPPER 

W mi E the writer was working at the Yale Ponstry School, 
his attention was called by Professor Samuel J Record, of 
that school, to an unusual seasonal growth-nng in the mature 
stern wood of Eucalyptus This unusual wood came from the so- 
called alpine or mountain “ash,” Eucalyptus delcgatensm R T 
Baker, which grows in snow country, high up on the southern 
tabic lands in the Australasian region The wood structure of this 
species has been carefully described, with photomicrographic il¬ 
lustrations, by Dr Welch J of the Technological Muw uni, Sydney, 
Australia Dr Welch found that this Rpecies was the nearest 
approach to a ring-porous timber in the eucalypts, and that the 
pores were occasionally entirely absent in the late wood In every 
case, Dr Welch writes to me, there is a reduction in pore size 
and pore count in the late wood In the specimen of wood 
which the writer found to be so unusual and interesting the \cssols 
are almost entirely absent in the early or spring wood, while 
large and conspicuous vessels are clustered togethor in the late 
fall wood, as is shown in the accompanying photomicrograph 
(PI XXXV) 

The end of the late wood has a much sharper and more even 
line than docs the transition from the early wood to the later 
formed part This fact, which is quite evident from the photo¬ 
micrograph (PI XXXV), together with the curvature of tho annual 

• Paper from the Department of Botany of the University of Michigan, 
No 332 

1 Welch M B 1 The Wood Structure of Certain Eucalvpta belonging 
Chiefly to the 'Ash Group,*' Joum and Proc Roy Soc New South Bote* 
Vol 61), 1927 
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rings and the number of rays, shows that the large and numerous 
vessels are in the late or fall wood m the unusual specimen, in¬ 
stead of in the early or spring growth, as has been supposed 

The ring-porous type of wood, which Dr Welch supposed this 
eucalyptus to have, Us quite oommon in such trees as the chestnut, 
and has so very much larger and more numerous vessels in the 
spring wood than m the summer wood that distinct rings of pores 
are clearly evident even without any magnification In several 
plants having ring-porous wood, such as the oak, it has been ob¬ 
served that if the tree is defoliated by insects, or by any other 
agency in the early summer, and puts out a second crop of leaves 
later that same season, the wood for that year will have a second 
aone of large, numerous vessels, similar to that which occurs 
normally only in the first part of the season's growth So far as 
the writer is aware, however, thero is no record of a wood having 
large, numerous and conspicuous vessels in the late summer or 
fall wood, and either no vessels at all or exceedingly few and very 
small ones in the earlier part of the same season’s growth 

The writer * has called attention to the widest possible varia¬ 
tion in these characters in the woods of the Lauraoeae from the 
sharply ring-porous type of Sassafras to the type found in Cinna- 
momum, in which no annual rings at all are evident and in which 
the vessels are evenly distributed throughout the wood Although 
certain families of woody plants have clearly defined tendencies 
toward ring-porous or diffuse-porous woods, and even toward char¬ 
acteristic arrangements of the vessels, which are constant and stok¬ 
ing enough to be of great value as diagnostic characters in the 
identification of their woods, yet other families exhibit such a 
variation m the sue and distribution of the vessels, depending 
upon the rate of growth, the time that the new leaves are formed, 
and upon other physiological activities of the individual plants, 
that they are almost valueless for purposes of identification 

The unusual structure of this Eucalyptus wood seemB to be 
due to the retardation in the normal formation of now leaves and 
shoots for a considerable time after the activity of the cambium 

1 Tuppef, Walter W, <4 A Comparative Study of Lauraceom Woods,* 
Am. Joum Bot , 14 (No 9) 620-925 November, 1927 
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started for that season This retardation may have been caused 
by extreme oold, drought, wind, or by some other external condi¬ 
tion which might easily be operative m the high altitudes at which 
this species grows 

University or Michigan 


EXPLANATION OF PLATE XXXV 

A photomicrograph of the mature ■tom wood in transverse section of Euca¬ 
lyptus (te&gatenm R T Baker, showing the large and conspicuous vessels 
clustered together in the late or fall wood end the almost complete ab¬ 
sence of any vessels at all in the early or spring growth The clear and 
sharp line of deraarkation between the last fall wood and that of the 
first wood formed in the spring as well as the curvature of the rings (not 
shown), indicates which is the fall and which the spring growth. 




MORPHOLOGICAL STUDIES ON THE SEED OF 
MESEMBRIANTHEMUM CRYSTALIJNUM L 


FDWARD F WOODCOCK 

r J^HF uirved embryo has been considered by hngler and Prantl 
(4) a character of sufficient importance nnd limited occurrence 
to warrant the arrangement of plants with such an embryo as the 
Order Caryophyllales or Ccntrosp< rmae The results of the serum 
diagnostic investigations of Malhgson (7) show a grouping of the 
families very similar to that of Fngler and Prantl 

The prevalence of the curved type of embryo m the taryo- 
phyllales has also been observed by sov< ral recent investigators m 
their Btudms of seed morphology in this Order Artschwagt r (1) 
observed tin curved embryo of Bela vulgaris L to have over the 
radicle a cap of endosperm, the alls of which aro filial with den& 
granular material The storage material outside the embryo is 
starchy ptrisperm 

The writer has found a soimwhrit similar arrangement of the 
embryo, endosperm and iierispenn in the Caryophyllaceae (13,14) 
In his studies on the Polygonaceae (9,10), Phytolacoaceao (11), 
Portulacaccoe (12), Nyctaginaccae (15) and t ynocrambaccoo (16), 
the curved embryo has been observed to be a prominent character 
All the foregoing families have pensperm as the storage tissue 
except the Polygonaceae and the Cynocrambaceae, which have 
endosperm In the Polygonaceae a i>ortion of the endosperm is 
of a proteiu nature The presence of endosperm as a storage tissue 
in this family has been observed by Stevens also (8) The writer 
has observed a crushed cap of endosperm tissue over the radicle 
in tho Nyctaginaccae and a sheath of crushed endosperm entirely 
surrounding the embryo in the Portulacaoeae 

The results of the recent investigations of the seed morphology 
in the Centroepcrmae by tho wnter and others ha\e assisted in 
the interpretation of the terms " albumen ” as used in such floras 
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as that of Bntton and Brown (3), and "endosperm" as used by 
Bentham and Hooker (2) and Harz (0) 

The present paper has to do with the seed morphology in 
Me8cnibrtanih€7Hum cryslallinum L , a member of the Aizoaceac 
and another representative of the Order Caryophyllalcs 


DESCRIPTION AND DISCUSSION OF THF 
MORPHOLOGY OF THE SLED 

The various stages of seed development were studied b> means 
of rmorotomc sections stained in Delafield'a hematoxylin 

The fivc-loculed, compound pistil has axial placentation and 
several ovules in each loculc The slender funiculus of each ovule 
equals in length that of the ovule itself (PI XXXVI, Fig 1) 
The campylotropous ovules are rounded in outline when observed 
from the side and the chalazal region appears somewhat flattened 
(Mg 2) In cross-section the outline of an ovule is slipper-shaped 
(Mg 4) and the micropylar portion is somewhat narrower than 
the chalazal portion 

Each of the two integuments is composed of two layers of 
flattened cells (Mg 2) The surface of the ovule is rough, owing 
to the dome-shaped, outer tangential wall of each of the epidermal 
colls The writer has observed in earlier investigations that, in¬ 
stead of one cell being concerned, two or three cells go into the 
formation of similar elevations on the surface of the ovule of 
Cerastium vulgaium L and Claytonia virgmica I The projecting 
nm of the inner integument is somewhat reflexed upon that of 
the outer integument The young embryo sac is separated from 
the micropyle by several layers of nuoellus cells and its most 
rapid enlargement is along the axis of the ovule The disorgani¬ 
zation of the central part of the nucellus by the embryo sac is 
along a region characterized by somewhat elongated, large paren¬ 
chyma cells, which merge into a chalazal region of smaller, iso- 
diametnc parenchyma cells In the nucellus between the embryo 
sac and the micropyle there is a narrow region of elongated cells 
extending from the imeropylo to the embryo sac This region of 
cells becomes disorganized to form a canal through whioh the pollen 
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tube enters This canal retains its form as further seed develop¬ 
ment occurs (Fig 5) 

The writer made no observation of the embryo sac l>efort the 
quadrant stage of the embryo Guignard (5) has observed that 
the embryo sac in this genus has the typical eight-nucleate condi¬ 
tion at tho time of fertilization At the quadrant Htago (F igH 1,5) 
the embryo sac has proceeded along the median line of the ovule 
and the fertilized egg has given nse to a row of cells consisting of 
a short, few-cellod suspensor and the quadrant stage of the embrvo 
The free nuclear endosperm completely lines tho embryo Hn< and 
surrounds the embryo and suspensor Ihc canal, through which 
the pollen tube reached the embryo sac, ib evident and is lined 
with broken down coll-rcmains 

As growth proceeds the embryo sae elongates and broadens 
(PI XXXVII, Pig 7) In longitudinal section the Hac is curved 
in outline The chalazal end of the sac often has pseudopodium- 
hke extensions into the nucellus Transverse divisions occur in 
tho suspensor, producing a row of cells, some of which may later 
divide longitudinally (PI XXXVI, Fig 3) All the cells except 
two or throe next to the embryo become broadened In the stage 
shown in Plate XXXV1T, Figure 7, tho micropylar portion of the 
endosperm has become cellular, thus partially filling the pmbryo 
sac By tho time the embryo is ready to produce its cotyledon 
and plumulo pnmordia (PI XXXVI, Fig 3) tho embryo sac is 
almost completely filled with cellular endosperm, each cell of 
which is thin-walled and much vacuolated Most of the endosperm 
cells have only one nucleus, but occasionally two nuclei are evident 
(PI XXXVII, Fig 8) 

As the embryo dissolves its way through the cellular endosperm, 
which very soon completely fills the embryo sac, it becomes dif¬ 
ferentiated into radicle, hypocotyl and two cotyledons At the 
stage shown in Figure 8 the embryo has proceeded about half¬ 
way down the embryo sac and has become slightly curved At 
this stage numerous, compound starch grains, which are in the 
shape of a flattened ellipsoid, are evident in each cell of the nucellus 
(Pigs 9, 13) There is no indication of storago material in the 
cellular endosperm in this stage (Fig 8) or in later stages 
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As the seed comes to maturity there is evident a marked change 
in the epidermal layer of the outer integument The outer tan¬ 
gential, dome-shaped wall of each cell is much thickened, and the 
inner surface is often corrugated A prominent, spiny deposit of 
cutin oocurs on the outer surface of the wall (Fig 10) The radial 
and inner tangential walls remain thin and uncutimzed The 
radicle of the embryo has a cap of endosperm, one or two cells in 
thickness The cells of this cap are filled with dense, granular 
contents The remaining part of the cellular endosperm, which 
earlier filled the embryo sac, has completely disappeared The 
radicle, hypocotyh and cotyledons are nearly equal in diameter 
Each cotyledon is semicircular in outline when seen in cross- 
section, with its flat surface nearly at right angles to tho flattened 
sides of the seed (tig 12) At the base of the cotyledons there is 
evident the plumule m the form of a small, conical elevation The 
cells of the pensperm are filled with closely packed, compound 
starch grains, which have lost their flattened, ellipsoidal form and 
have become somewhat angular 


SUMMAIU AND CONlLUSIONS 

The ovule of Mesembrianlhemwn crystaUmum L is campylot- 
ropous, somewhat flattened, and appears slipper-shaped in out¬ 
line when cut in cross-section Tho pollen tube reaches tho embryo 
sac by passing through a canal formed in the nucellus between the 
embryo sac and the micropyle The curved embryo lies to one 
side of the seed and the radicle has a cap of cellular endosperm, 
whose cells are filled with dense, granular contents The major 
portion of the storage tissue is starchy perisperm The outer wall 
of the testa epidermis is much thickened and cutinizcd 

The seed morphology of this representative of the Aizoaceae 
shows marked similarity to that of other families already investi¬ 
gated and aids In establishing, on a morphological basis, the close 
relationship existing between the families In tho Order Garyo- 
phyllales 

Michigan State Colutgk 
East Lansing Michigan 
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EXPLANATION OF PLATES XXXVI-XXXVII 

flood of Ai&mbrtantiumum bry$lcdhnwn L 

All figures drawn with aid of camera luctda The following abbreviations 
are used C f ootyledons, CA, canal, CH, chal&sa, CU, cuticle, E, embryo, 
EN, endosperm, E9, embryo sac, F, funiculus, H, hypoootyl, IN, inner 
integument, M, micropyll, N, nuoellus, ON, outer integument, OW, seed 
coat (testa), P, pertsperm, PL, plumule, R, radicle, 3 suspense*r, ST, starch 
grains 


PLATE XXXVI 

Fio 1 Longitudinal section of young ovule, showing long slender funiculus 

(X 75) 

Fia 2 Detail of longitudinal section through young ovule (X 207) 

Fia 3 Suspeneor and embryo (X 207) 

Fia 4. Cross-section of young ovule in plane indicated by broken line in 
Figure 2 (X 207) 

Fio 5 Detail of micropylar portion of young ovule, with embryo m the 
quadrant stage Canal evident between micropyle and embryo sao 
(X 207) 

PLATE XXXVII 

Fio 6 longitudinal section through ovule at the time the ootyledone are 
well developed in the embryo and the embryo sao is completely filled with 
oellular endosperm (X 75) 

Fio 7 Longitudinal section through ovule at the stage in which oellular 
endosperm has appeared only m the micropylar portion of the embryo 
sac (X 75) 

Fio 8 Endosperm cells showing vacuolated condition (X 430) 

Fig 0 Cells of nuoelhu with numerous flattened, ellipsoidal starch grains 
(X 430) 

Fia 10. Epidermis of mature seed with spiny cuticle (X 430) 

Fig 11 Longitudinal section of mature seed, showing testa, curved embryo 
with cap of endosperm, and pcrisperm (X 75) 

tio 12 Cross-section of mature seed in plane indicated by broken line m 
Figure 11 (X 75) 

Fia 13 Single compound starch grain (X 1700) 
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INTRODUCTION 

nPHE amount of interference for a given map distanoe is not equal 
for different regions of the same chromosome The problem 
of unequal distribution of interference has been discussed by 
Bridges and Morgan (1923) and later by Morgan, Bridges and 
Sturtevant (1925) The moat marked differences were noted in 
the second and third chromosomes, where the interference is lowest 
around the mid-points and much higher toward both ends “The 
symmetrical distribution about the mid-points of chromosomes II 
and III is probably related to the fact that these chromosomes are 
Y-shaped and the spindle-fiber attachment is at the mid-point” 
(Morgan, Bridges and Sturtevant, p 98) 

In the X-chromoeome the differences were smaller, but the 
data showed clearly that interference is greater in the left half 
of the chromosome than in the regions farther to the right The 
more recent data available for crossing-over in the X-chromosome 
enable us to determine the distribution of interference much more 
accurately than was done from the older data - 

* Paper from the Department of Botany of the University of Michigan, 
No 273. 
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DATA ON CROSSING-OVER IN THE X-CHH0MO60ME 

Ihe use of the BO-callcd “alternated X-ple” stock (sc cv v f X 
ec cl 6 0 1 ), involving the region from scute to forked, has given 
the best available data for crossover and interference calculations 
The data used m this paper arc from Bndgt s and Olbrycht (1926, 
lable V), to which are added some comparable data published 
by Anderson (1925, Tables III and V) These data are summarized 
in Table I The computed values for crossing-over and coincidence 
are also given For region 4 (ct-v), which is long enough to include 
an appreciable number of doubles, the percentage of crossing-over 
is comcted ns indicated by Bridges and Olbrycht (1926) The 
coincidence values were calculated in the usual way, considering 
triple crossovers as two successive doubles Thus, a 1, 2, 3 triple 
would be included among the 1, 2 and 2, 3 doubles, but not among 
the 1, 3 doubles 

The coincidence values are very low when only regions from 
sc to ci arc included In general, they are much higher for regions 
of similar length nearer the forked end But for a closer compari¬ 
son, a different measure of interference will be used 

1 he map positions given by these data are as follows 


8cute 0 

Echinus 0 8 

Crottaveinlew 16 6 

Cut 24 9 

Vermilion 10 7 

Garnet 50 9 

torkod 62 2 


RELATION OF RFOOMH1 NATION TO CROSSING-OVER 

When a crossover takes place between two loci A and B, the 
genes at these loci are recombined so that gene A is associated 
with B', the allelomorph of B } and likewise B is associated with A' 
The percentage of recombination of genes for the two loci can be 
taken as the direct measure of crossing-over only if there are no 
multiple crossovers A double crossover between A and B does 
not give a recombination The true number of crossovers is 
greater than the number of recombinations by twice the number 
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TABI b I 

Data on Cro88ino-oveb in Aitkknated X plk S-rorn Compiled from 
Bridges and Oi nm (*ht (Tabi f V) and Avm raon (1 aih es III and V) 


Region 

B and 0 
1 utile V 

Ander 

non 

lablelll 

Amlir 

son 

Table V 

Com 

binod 

data 

Total 

crow** 

ovira 

Per 

rentage 
of cross 
ing over 

Com 

cidonee 

0 

9564 

1886 

924 

12363 




1 

094 

167 

103 

1264 

1818 

0 8 


2 

1465 

287 

151 

1903 

2014 

9 7 


3 

1425 

263 

140 

. 1828 

1 2254 

8 4 

I 

4 

2512 

504 

221 

3237 

3950 

14 8 


5 

1717 

353 

179 

2249 

3027 

11 2 


6 

1526 

280 

167 

1902 

3033 

11 3 


12 

3 

0 

0 

3 

0 


03 

1 3 

10 

1 

1 

12 

17 


i ii 

) 4 

87 

24 

10 

127 

145 


54 

1 5 

140 

38 

17 

195 

196 


96 

1 6 

147 

29 

14 

190 

190 


, 93 

2 3 

8 

1 

1 

10 

13 


06 

2 4 

05 

20 

13 

128 

138 


30 

2-5 ( 

191 

43 

21 

255 

256 


87 

2-6 

230 

45 

25 

300 

301 


l 02 

1-4 

26 

5 

4 

35 

11 


12 

3 5 

no 

34 

12 

150 

161 


64 

3-6 

161 

25 

12 

108 

202 


80 

4 5 

70 

10 

6 

98 

107 


24 

4 6 

2*25 

42 

23 

21 HI 

314 


71 

5 6 

46 

9 

3 

58 

64 


19 

1-2 6 

1 

0 

0 

1 

l 



1 i 5 

2 

0 

0 

2 

2 



1-3 6 

3 

0 

0 

3 

3 

I 

1 


1 A 5 

7 

0 

0 

7 

7 



1-4 0 

9 

1 

1 

11 

11 



1 56 

1 

0 

0 

l 

1 



2-3-4 

1 

0 

0 

1 

2 



2 -4-6 

1 

0 

0 

l 

1 



2 4-6 

4 

3 

2 

9 

9 



2-5-6 

l 1 

0 

0 

1 

i 



3-4-6 

4 

0 

0 

4 

4 



3 5-6 

2 

0 

1 , 

3 

3 



4 5 6 

t 

0 

0 

1 

1 



1 2-3 4 

1 

0 

0 

I 

1 



1-2-3-6 

1 

0 

, 

0 

1 

1 





230 


Anderson and Rhoades 


of double crossovers This relation is confused by many writers, 
owing to an incorrect use of the term <f crossing-over *' for “recom¬ 
bination ” A clear presentation of the relation between crossing- 
over and recombination may be found in Bridges and Morgan 
(1923), Morgan, Bridge and Sturtcvant (1925), and especially 
in Bridges and Olbrycht (1929) 

If double crossovers occurred at random with nference to 
single, i e if there were no interference, then the proportion of 
observed doubles for any two regions should be equal to the product 
of the recombination proportions for these two regions Thus, the 
calculated amounts of recombination for successive loci A, B and 
C might be represented as follows 

m ** n combination for A and B 
n <= recombination for B and C 
m + n — 2mn = re< ombination for 4 and C 

In the absence of interference, this relationship must he continued 
down to very minub regions On this basis, Haldane (1919) has 
developed the formula for the relation of observable recombina¬ 
tions to crossovers (map distance) The formula given is 

V - 0 5 (1 - 

when y is the amount of recombination, x the amount of crossing- 
ovtr or map distance, and e the base of natural logarithms 1 

If interference were complete, no double crossovers would take 
place The percentage of recombination would then be equal to 
the percentage of cross ng-over and might be represented by the 
formula 

y ■= a* 

Table II gives a comparison of the observed percentages of 
croasmg-o\er and recombination from Table I, together with the 
numerical values of the term 0 5 (1 — e~ Ss ) The recombination 

1 HaUlanos terminology in rather confining as he used ' crossovers” in 
place of recombinations 1 and invented the term ‘'cenlimorgan” for the unit 
of map diHtance corresponding to one per cent of crossing-over 
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TABLF II 

RECOMBINATIONS AND PERCENTAGES o»r CrOHHINM-OV» K FROM TaRTF I 


Regions 

Percentage of 
crosmng-ovpr 

sc-cv 

16 47 

nc-ct 

24 9 

&c-v 

39 7 

uc g 

60 9 

scf 

62 2 

ec-d 

18 1 

ec~v 

32 9 

ec-g 

44 1 

re- / 

66 4 

CP V 

23 2 

CVQ 

34 4 

CP*/ 

46 7 

ct - g 

26 0 

d-f 

37 3 


22 6 

_ ~ 



Percentage of 
recombination 

0 5 (1 - r*) 

10 43 

141 

24 0 

190 

36 9 

274 

42 8 

119 

40 4 

360 

18 0 

152 

31 4 

241 

38 7 

293 

43 0 

335 

22 8 

180 

32 0 

240 

30 0 

400 

26 1 

203 

33 6 

263 

22 0 

181 


frequencies wore obtained by summing all classes in Table I which 
showed one or three crossovers between the given loci 

The relation of recombination to croH«ing-over is shown graphi¬ 
cally in Figure 27, where the percentages of re combination are 
plotted against the percentages of crossing-over as abscissas 1 he 
lines of no interference (y =* 0 5 (1 — e **)) and of complete inter¬ 
ference (y = x) are added The observed points follow an up 
parcntly smooth curve which starts along the straight line y « x 
and curves over toward the horizontal line winch corresponds to 
fifty per cent of recombination 


METHOD OF CALCULATION OF INTERFFRRNCF VALUE 

Figure 28 shows graphically the expected amounts of recombina¬ 
tion in relation to croesing-over (map distance) for no interference 
(y *= 0 5 (1 — e~**)) and for complete interference (y = x) The 
percentages of recombination art plotted as ordinates against the 
percentages of crossing-over (map distance) as abscissas 
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1 ig 27 Relation of recombination to crowning over 



Fig 28 Diagram showing derivation of formula for interference 
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The observed percentage of recombinations lies l>etwecn the 
two calculated values graphed in Figure 28 Any observed amount 
of recombination may bo designated as y From the map distance 
or percentage of crossing-over (x) may bo calculated the expected 
percentages of recombination with no interference (y x ) and with 
complote interference (j/i), these being the ordinates of the two 
lines for the given abscissa x The distance between y% and 
represents the entire range from complete interference to no in¬ 
terference The observed amount of interference may then be 
measured as the ratio of the distance between y and yt to the 
distance between yt and y i, i e 

V " Vi 


But yi is equal to r and y x is equal to 0 5 (l — t 2 *) Thus the 
formula becomes 

T , . . y- o 5 (l - r*) 

Interference value 

x - 0 5 (1 

The value of this formula as a measure of interference depends 
to some extent on the accuracy with which the true amount 
of crossing-over or map distance can lie determined Data on 
crossing-over in Drosophila have shown that for distances less 
than 12 units in length double crossovers arc so rare that they nre 
negligible, except for the mid-regions of chromosomos II and III 
Thus, in gemral, for distances less than 12 units in length, the 
percentage of crossing-over or map distance is essentially identical 
with the percentage of recombination If long distances can be 
broken up by shorter intervals, the percentage of crossing-over 
may be obtained by the commonly used method of summation of 
the values obtained for the shorter intervals 

The computation is very simple except for the determination 
of the expectation for no interference, 0 5 (1 - e^ x ) To facilitate 
the use of the formula the numerical values for 0 5 (1 — e~ l ) arc 
put In a table (Table III) for values of x from 011tol00(llto 
100 per cent of crossing-over) Intermediate values may be ob¬ 
tained by interpolation In making the calculation for interference 




X-Chromo8(me of Drosophila 


235 


values, the percentages of crossing-over and of rtcombination 
should be read as hundredths Thus, in the calculation for the 
8C-v region, where x =» 0 397 and y 0 369, 

y - Q 5 (1 - e~^) _ 0 36 9 - 0 2 74 _ 0 095 ^ 
x - 0 5 (l ~e~* r ) " 6 597 - 0 274 “ 0 123 “ 

This formula should be considered as a method of measurcrm nt 
and companson only It does not lead to any interpretation of 
the nature or cause of interference >or that purpose the coinci¬ 
dence of crossing-over (Weinstein, 1918) giv< s more valuable 
information 

DISTRIBUTION OF INTI* RFF HKNCE IN THfc, X-t HKOMOHOMf 

Interference values for the X-chromosorue may be d< U nmmd 
from the data presented in Table III Table IV giveH th< map 
length and interference value for each region covered by the data 

TABLh IV 

Map Distances and Interference Valtjfs 


Region* 

Map diKtance 

Interference 

sc^cv 

16 6 

98 

8C~Ct 

24 9 

94 

tc-v 

39 7 

77 

*r-g 

50 9 

57 

KC-f 

62 2 

41 

ecci 

18 1 

90 

tc -t> 

32 9 

83 


44 1 

64 

cc-f 

55 4 

41 

cc-v 

23 2 

91 

cv-a 

34 4 

75 

ce-f 

45 7 

57 


26 0 

84 

ctf 

37 3 

66 

H 

22 5 

89 


The relation between interference and map distance is shown 
graphically in Figure 29 Interference values are plotted as ordi¬ 
nates against map distances as abscissas Regions beginning with 
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scute are connected by a dotted line Similarly for regions begin¬ 
ning with echinus, crosaveinlcss and cut It will be noted that 
these form a senes of successive, roughly parallel lines, with the 
line for scute being highist, followed successively by those for 
echinus, croesvemless and cut in their respective map order This 
shows that for corresponding map distances the interference is 
greater for regions toward the left end of the chroinosomo and less 
for regions toward the right Figure 30 is a similar graph with 
dotted lines connecting regions ending at forked, garnet, vermilion 
and cut The lines on this graph again form a fairly regular senes 
The regularity of the lines on both graphs indicates that inter¬ 
ference is lowest in the rightmost {g-f) region covered by the data, 
increasing gradually to the leftmost (sc-cv) region Since the data 
do not include the region of 10 or 12 units from forked to the 
spindle-fiber attachment, the amount of interference in that region 
is uncertain But interference is apparently very low m the neigh 
borhood of the spindle fib< r in the second and third chromosomes 
It is probable that, for the X-chromosomo, interference is lowest 
m the neighborhood of the spindle fiber, increasing gradually and 
consistently from right to left, le from the spindle-fiber attach¬ 
ment to the free or distal end 

SUMMARY 

The data of Bridges and Olbrycht (1926) and Anderson (1925) 
on crossing-over in the X-ehromosome of Drosophila melanogaster 
are examined with reference to the distribution of interference 
Interference mav be measured by the formula 

y - 0 5 (1 - f-'*) 

*-05(1- 

where x is the amount of crossing-over, y is the amount of recom¬ 
bination, and e is the base of natural logarithms This measure 
is applicable in cases where the percentages both of crossing-over 
and of recombination can be determined 

Numerical values of the quantity 0 6 (1 - <r**) arc tabled for 
values of x from 0 11 to 1 00 



X-Chrcmiofiome of Drosophila 239 

By an application of this method of measun me nf, mb rfer- 
encc is shown to be lowest at the right or spindle-fiber end of the 
X-chromosome, increasing gradually toward the left or distal i nd 

Cai ifornia Institute or Technology 
Pasadena California 
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THE EFFECT OF CYANIDES ON THE 
PLASMA MEMBRANE 

FLO \D J RRTNIJY 


pHYSIOI OGIST8 and morphologists have been interested in 
the function and structure of the coll sinet itw discovery in 
1665 by Robert Hooke (Loey), who, as is well known, did not 
observe the living cell, but only the dead ct llulose wall The early 
investigators m the seventeenth century confined their study to 
the cellular structure of tissues and paid very little attention to 
the nature of the celt After the rediscovery of protoplasm by 
von Mohl in 1846, the interest of scientists was quickly turned to 
a study of the living contents of the cell (Protoplasm had pre¬ 
viously been noticed in animal cells and called “ Barcode” by Du- 
jardin ) From the time of von Mohl until the present, biologists 
have been interested in the study of the physical and, to a lesser 
extent, the chemical nature of tin living substance of the cell 
Ihere is much evidence to show that the protoplasm is not of tho 
same structure throughout the cell, for the internal protoplasm 
is physically and perhaps chemically different from the outer 
layer, which behaves as a semi permeable membrane (plasma mem¬ 
brane) At the present time it is gtnerally recognized that tho 
plasma membrane playB a very important r61e in the life of the 
cell, for all food materials used and the waste material produced 
by the internal protoplasm must pass through the plasma mem¬ 
brane Therefore the permeability of the plasma membrane has 
become a subject of study by biologists and many papers on it 
have appeared in scientific literature 

It has long been known that weak acids and alkalies penetrate 
the plasma membrane with little if any resistant* , wlule tho living 
membrane is practically impermeable to strong acids and alkalies 
Osterhout and Dorcas (1925) were among the first investigators 
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to make a caroful quantitative study of the permeability of the 
plasma membrane to weak acids These investigators immersed 
cells of the marine alga (Valoma) in sea water containing ( O* or 
HjS After equilibrium liad been established between the cell 
and its environment, the contents (sap) of the cell were analyzed 
for total sulfide and carbonate It was found by these workers 
that the amount of acid which had penetrated the plasma mem¬ 
brane was in direct proportion to the molecular concentration of 
( ()j and HaS in the external solution Irom these results Oster- 
hout and Dorcas concluded that most of the ( 0| and H*S entered 
the cell in the form of undissociated molecules and not as ions, thus 
proving conclusively the statements of other workers (Harvey, 
1911, Jacobs, 1920, Beermau, 1924, Bodme, 1924) that weak 
acids, carbon dioxide, hydrogtn sulfide and hydrogen cyanide enter 
cells or pass through living membranes (protozoa or frog skin) in 
the form of undissociatod molt culcs and that the membranes, as 
long as the> remain uninjured, arc impermeabli to the ions It was 
assumtd, ihtreforc, by these latter investigators that the greater 
toxicity of the weak acid as compared with the strong acids is 
due to the ease of penetration of the weak acids and to intracellular 
ionization 


FURTHER STDDItfl ON Tllfc. PENETRATION 
OF HlDBOGhN CYANIDX 

In 1925 the present writer (Brinley, 1927) undertook a detailed 
study of the effect of various factors on the penetration of Ht N 
through living membranes Artificial cells were contsructed by 
stretching frog skm over one end of a hard glass tube 7 cm long 
and I 5 cm m diameter A cell tube (with frog skm over one end) 
was then placed in a wide-mouthed bottle and the bottle and “cell” 
were fitted with rubber stoppers The “cell” was filled with a 
borax boric acid buffer solution and the bottle surrounding it was 
filled with the borax buffer containing HCN The pH of the in¬ 
ternal and external solutions was variod by changing the propor¬ 
tion of borax to bone acid After equilibrium had been reached 
between the ctll and its environment, the internal and external 
concentration of cyanide was determined by analysis and it was 
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found that the concentration of intracellular cyanide was in direct 
proportion to the concentration of undissociatid molecules in the 
external solution The penetration curve closely approximates the 
dissociation curve Therefore it seems evident that hydrogen 
cyanide penetrates frog skin mostly m the form of undissouutLd 
molecules and not as ions Studies of the effect of cyanide on the 
potential difference of the frog skin indicate that the inoltcuk-s 
of HCN are actually more toxic than the ions to the skin when 
lmraerst d in the HCN solutions I xperiments on living orgurusms, 
Daphnia and tadpoles, gave relatively the same results as the 
experiments on tho artificial ctlls, i e the animals die more quickly 
in tho solutions in which the H( N ptnetrated the frog skm most 
readily Also studies on Hleodea cells, immersed in HC N solutions 
with different pH values, showed that the streaming of the proto¬ 
plasm ceased sooner in the acid solutions than in the alkahnt 
Similar results from more recent experiments by Bodine (1928), 
on Fundulus embryos, indicate that the loxicitv of HCN is directly 
proportional to the number of molecules of cyanide in tho solution 
These experiments on artificial cells and living organisms show 
conclusively that solutions of HCN containing tho largest number 
of molecules are more toxic than solutions of the same total 
cyanide concentration, but with the molecules dissociated It is 
evident, therefore, that the toxicity of HCN is in some way asso¬ 
ciated with the number of molecules in the solution 

TFIK FFFKCT (»» INJECTIONS OF OANIDK INTO Till (ILL 

The methods used by the majority of previous workers in 
studying the effect of acids and alkdios have been confined for 
the most part to immersion of the organisms in the solutions and 
then studying their b< havior This method gives but little reliable 
information concerning the specific effect of the reagent on the cell 
The immersed cell may be affected in a number of ways the 
reagent may act on the plasma membrane, it may affect the in 
temal protoplasm without injuring the membrane, or it may afftet 
both the membrane and the internal protoplasm Until the advent 
of the rmcropipctte (Barber, 1911, Kite, 1915, Chambers, 1922) 
it was not always possible to ascertain in what way the substance 
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affected the cut or reacted with it Barber (1911), Chambers 
(1926), Rezmkoff (1928) and others have brought to light by 
micro-mjoction studies many facts concerning the differences be¬ 
tween the plasma membrane and internal protoplasm and the 
differences in their reactions to various chemicals Rezmkoff and 
C hambers immersed amoebae in solutions of CO a and various 
carbonates and also injected these solutions into the cell Tin y 
concluded from their results that the intracellular COj concentra¬ 
tion is not an important factor in the production of lethal effects 
and that amoebae are irreversibly injured only when C () 2 destroys 
the plasma membrane 

It was reported in a previous paper (Brinlcy, 1928) that, when 
amoebae are immersed in solutions of HC N varying in concentra¬ 
tions from N/10 to N/3000, the plasma membrane dissolves and 
the cell disintegrates The time of death vanes from a few seconds 
to forty-eight hours, depending upon the concentration of cyanide 
Amoebae injected with the same solutions of c>umde recover in a 
short time unless the dosage is so largo that it ruptures the mem¬ 
brane Similar results (Brinlcy, 1929) wero obtained with hydro¬ 
gen sulfide, \ c the organisms recover when injected with aqueous 
solutions of H*S, but when immersed in this sulfide solution the 
cell disintegrates In a later paper the present author (Bnnley, 
1930) cited experiments winch mduatc that injections of KCN 
into fertilized Arbacia eggs do not dela> cleavage although coll 
division is delated when the tggs are immersed temporanl> in 
the cyanide solution It has also been reported (Bnnley, 1929) 
that ammonium hydroxide and certain ammonium salts affect 
the cell by virtue of thi ir action on the plasma membrane 

DlSCi/SSION 

It scons evident from the results of the micro-injection expen- 
ments that solutions of carbon dioxidi, hydrogen cyanide, hydro¬ 
gen sulfide and ammonium hydroxide arc not lethal when injected 
into cells (amoeba and Arbaeia eggs), the cells, howi \ er, are killed 
or seriously injured when immersed in these same solutions There 
soem to be several possible explanations of the foregoing facte 
(1) the chemicals may affect the plasma membrane and not the 
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internal protoplasm, (2) the mtroceliular reagents may be rupidly 
oxidized or united with some constituent of the protoplasm pro¬ 
ducing a non-toxic compound, or (3) the chemical rapidly dif¬ 
fuses out of the cell The first of theso hypotheses has been 
discussed elsewhere (Brrnley, 1930) and so it will be sufficient to 
say here that other investigators have found that cyanide (KGN 
or HCN) does have some effect on the plasma membrane, es¬ 
pecially on its permeability Lillie (1918) stateB that the increase 
in permeability of Arbacia eggs after fertilization is reversibly 
retarded by KCN solutions in concentration of N/100 to n/400 
Blumenthal (1927) suggested that KCN produces a decrease in 
permeability of the cell membrane of Arbacia eggs to water, but 
that HCN increases it An additional reason for believing that 
the action of cyanide is a surface one is the fact that Borne internal 
development, such as mitotic figures in Arbacia eggs, continues 
when the eggs are immersed in the cyanide solution This con¬ 
tinuation of internal development of Arbacia eggs when placed in 
cyanide was studied by Heilbmnn (1920), who contends that in the 
normal developing egg there is an increase in tho viscosity of the 
protoplasm to a certain stage, where the process becomes reversiblo 
and the viscosity is decreased In the presence of cyanide, Hcil- 
brunn states, the gelation of the protoplasm is intensified and the 
normal decrease in viscosity which occurs during the mitotic 
process is rendered reversible and further development cannot 
take place Thus development proceeds as far as the formation 
of the spindle and then stops However, it may be possible to 
explain this reaction in some other terms, such as a change in tho 
colloidal nature of the plasma membrane, which may accompany 
the internal protoplasmic changes If the effect of cyamdo is ciue 
to some action on the cell membrane, may it not bo assumed that 
internal development would continue to a certain stage where for 
further development the process depends upon some change in 
tho membrane which is prevented from occurring by the cyanide 9 
The Bccond possible explanation of the fact that injections of 
cyanide do not irreversibly injure cells is that the intracellular 
cyanide may be oxidized by the protoplasm or bound by some 
constituent of tho cell It has been shown by Baker and IXLong 
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(1927) that glucose will oxidize hydrogen cyanide, liberating am¬ 
monia Shafer’s papers (1911 and 1916) and unpublished work 
by the author seem to indicate that cyanide is not recoverable 
from certain insects (Passulun comalus) after they have been 
ana*sthoti7ed with hydrogen c>amde Ihese experiments mdi- 
cat* that the c>anide has be<n changed in some manner It is 
entirely possible that intracellular oxidations may plaj an im¬ 
portant r61e in tht recovery of a ctll from sublethal concentrations 
of cyanide, but this factor alone probably does not account for 
tin recovery of cells which had been inject* d with large dosages 
of conceiitrabd cyanide solutions Amoebae will recover from 
large dosage s of N 10 kC N or HON solutions, but if the cells 
are immersed in N 300 cyanide solution they die within a few 
minutes Ihc mtrac* Uular concentrations of cyanide resulting 
from injections of N/10 IK N solution is undoubtedly greater than 
would result from immersion of the cells in more dilute solutions 
Hence, if the internal oxidation of the cyanide is the controlling 
factor in the ret o\ cry of the cell from injections of cyanide, it 
would follow that injected cells containing a high intracellular 
concentration of oanido would be irreversibly injured However, 
as has previously been stated, cells recover from injections of 
large dosages of concentrated cyanide solution 

It may also be assumed that the noil-lethal effect of injected 
cyanide is due to its rapid diffusion out of the cell, this, however, 
may be rule d out by tilt fact that amoebae immersed in hydrogen 
cyanide solution and immediately injected with the same acid do 
not die any sooner than umnjected cells immersed in the same 
solution A number of amoeba* were immersed in N/100 HCN 
solution and immediately inject* d wath N/100 HCN solution Hy 
this means a much higher initial intracellular c>amde concentra¬ 
tion was obtained than would result from immersion without 
injection Unless the cyanide was changed or bound in some way, 
it would probably diffuse out of the cell until equilibrium was 
reache*! between the cell and external solution, but the rate of 
diffusion would bo slower than if there were no cyanide in the ex¬ 
ternal solution If the non-lethal action of injected cyanide is 
due to its rapid rate of diffusion out of the cell, the organisms 
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should die in a shorter turn when the rate of diffusion is reduced 
This, however, as wc have seen, does not occur 


From the data presented it appears that the toxicity of hy¬ 
drogen cyanide, hydrogen sulfide and ammonia to amoebae and 
Arbacia eggs is the result of some effect on the plasma membrane 
and neft on the mtc rnal protoplasm 

BATTU C KFF K C OLl EOF 

Battle Creek, Michioan 
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NOTES AND STUDIES ON ARACHNIDA I 

ARANEAE I* ROM THE LANCETILLA VAL1 f Y, 
HONDURAS I 

ARTHUR M CHICKERING 

A 8 * collector for Albion College and the Botanical Gardena of 
the Umvemty of Michigan I spent six weeks in June and 
July, 1929, at the Lancetilla Experiment Station located about 
six kilometers south of Tela, Honduras This Station is operated 
by the United fruit Company for the study and introduction of 
new horticultural and agricultural products into Central America, 
and for the study of problems arising from the banana-raising 
interests of that region In addition to general collecting of plants 
and animals I was able to procure a fairly representative collection 
of Arachmda, a group of animals to which I am devoting some 
study at the present time 

Lancetilla Station is located in tho very beautiful Lancetilla 
Valley at an altitude of about 60 feet Its site is an abandoned 
banana farm Except where tho land is being cultivated, tho 
valley floor is covered with a dense growth of small trees, shrubs, 
vines and tall grasses in places almost impenetrable lhe sur¬ 
rounding hills nse very abruptly to a hught of about 2000 feet 
They are covered with virgin forest and offer attractive collecting 
grounds to every naturalist The region has been elevated re¬ 
cently and is being dissected by many swift mountain streams 
which add much to tho natural beauty of tho valley Near the 
mouth of tho Lancetilla River and at several other neighboring 
places are lagoons and marshes where many interesting animals 
and plants can be found As noted by Standley, tho strand vege¬ 
tation near Tela has more than passing interest for both zoologists 
and botanists 

This whole region seems to be well suited to work of many kinds 
249 
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Large animals arc common anti frequently encountered in the for¬ 
ests Poisonous snakes are present, but do not hccid to be common 
It is well, howt ver, to carry antivenin for use quickly in case of 
need This can Ik procured in T( la The venom used in the 
production of antivemn is obtained from snakes kept at the ser- 
pentanum located near the Station and maintained by Harvard 
University, Tela Railroad Company and H Iv Mulford Company 

Work on the flora of the Lancctilla Valley has been earned on 
by Stand ley (3), who has made a comprehensive survey of the 
region Pct< rs (2) and Hangs have collected birds in tho vicin¬ 
ity Insects and fishes have received some attention I hopo to 
add to the knowlege of the Anichmda through study of my col¬ 
lections Dr Wilson Popenoe, director of the Station, takis a 
fnendly interest in all kinds of biological work in the valley and 
uses every opjwirtunity to encourage investigation I am glad to 
take this opportumty to thank Dr Popenoe and his staff for the 
many courtesies extended to im during my stay at Lancctilla 
Without thur interest and cooperation my work would havt been 
impossible 

My collections were made from as many different localities 
as possible It is probabh that I have two hundred species of 
spiders as well as a number of other arachnids The study of 
these is going forward, but progress is slow on account of the diffi¬ 
culty of procuring the necessary literature The present paper 
constitutes a modest beginning of what I hope will be a senes of 
papers dealing with the taxonomy, life-histones and general biology 
of this group of animals Unless otherwise stated all species listed 
below art from the Lancet ilia Valley 


ARGIOPIDAB 

MET1NAE 

He-ntzia tkivitatta (Cambndge) — Not common, but two 
specimens taken, both females 

LEUCAiTot, AiunRA (Walkcnacr) — Common throughout the val¬ 
ley Just back of the strand region in the vicinity of Tela, 
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among thf thick vegetation, thin spider is abundant It often 
builds its webs high in th< trees hero, and tin v arc oft* n morc 
or less connected with one another 
Lkucauoe auhosthiata (Cambridgt) — One female lormerly 
reported only from Mexico 

Letjcaugp idom-a (C ambridgc.) — Common, but not abundant, 
as in tht ejiw of L nrgym 

Leucauce moerenb (Cambridge) —Appears to b< fairly com 
tnon 


A FFHlhlN Ah 

Nepiiiea olavipfs (L) — Quite common Bound chiefly around 
buildings Mature in July Much h kh common than at 
Barro Colorado, where it is ont of the most (onspicuous fori st 
spiders 

(jA^TtHACANTHlN\F 

CiASTEnAt a nth a KOciu Butler — Very common in sheds and 
other buildings 

Mkkathena bimucronata (Cambridge) —Not common, but 
one specimen taken, a female Also rt ported from Guntc mala 

Mrkathfna bkjvipeh (Cambridge) — lhrcc spcuint ns Probi- 
bly not common 

Micrathkma oraoilib (Walkenaer) —This is one of th< most 
etnkmg of the Miorathcnao sun at Laiieotdla As an adult 
it has a fine old-gold color, is largo and robust 

Mkrvthfna iongratjda (Cambridge) —Banks (1) stabs that 
this must t>e the male of M mammillnfa It may bt ho 1 
have not taken a male A/ mammiUata from the w< l» of a 
female One speemu n onl> 

Mrhathena mammillata (Buthr) -Ihis cunous spider set ms 
to be common here, but ih much smaller than in P mama 

Micrathena obtlsihpjva (iveyserling - This is tht most com 
mon of the larger Micrathonae, anti seems to agree well with 
typical forms figured bv Cambridge 

Micrathena patrtrlis (C Koch) — This is the most common 
of all the Micrathenae Obtained almost everywhere 
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Micrathkna sagittate (Walkenaer) — Taken only at Progreso, 
not m the Lance tilla Valley One female 
Micrathena hi ? — One female, taken at 1200 feet altitude in 
the forest May be a new spocics Eight abdominal spines, 
red tipped with black Abdomen white dorsally Total 
length about eight millimeters 

Micbathena ftp? — Two females May also be a now species 
Eight abdominal spines Abdomen black dorsally with yel¬ 
low and white spots, black ventrally with deep yellow spots 
Total length about seven millimeters 

Albion Con.ua*; 

Albion, Michigan 
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SPERMATOGENESIS OF RAN AT R A FUSCA 
(P B ) HUNGF 

ARTHUR M CHICK* RING HOWARD M MELD AND 
HOMER A HOWES 


PREVIOUS work on spermatogenesis in Itanatra has been pub¬ 
lished by Chickering (1918) and Steopoo (1927) Chickenng 
reported two types of testes in material not clearly separated into 
two species 1 ho first type was regarded as having spermatogonia 
with forty chromosomes of various sizes, primary spermatocytes 
with twenty-one, secondary spermatocytes with twenty-one, two 
of which behaved as an XY-pair Thus each Bpcrmatid was be¬ 
hoved to receive nineteen autosomes and either an X- or a Y-chro- 
moBome Meager observations on the second type seemed to 
indicate the presence of eight or ten additional chromosomes in 
the spermatogonia A characteristic group of small chromosomes 
was observed near the centor of the equatorial plate in primary 
and secondary spermatocytes In R hnearta, collected near 
Bucharest, Rouraama, Steopoo has reported spermatogonia with 
forty-three chromosomes, all of similar size and form except five 
which behave as sex-chromosomes during the maturation period 
The primary spermatocytes were found to possess twenty-four 
chromosomes each (nineteen bivalents plus five univalents), and 
the secondary spermatocytes had a like number The second 
division occurred in such a manner that two kinds of spermatids 
were produced One kind of spermatid thus appeared to receive 
nineteen autosomes plus the largest of the group of five sex- 
chromosomee, and the other kind received ninetoen autosomes 
plus the remaining four small sex-chromosomes 

The differences noted between the spermatogenesis of the Euro¬ 
pean R linearw and the Amen can species suggested a re§xann na¬ 
tion of the material studied by Chickenng It was impossible to 
study the original material which had been collected in the vicinity 

253 
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of Beloit and Madison, Wisconsin, because this, in the meantime, 
had been destroyed by fire Specimens collected at Albion and 
Ann Arbor, Michigan, in the summer of 1924, however, had yielded 
well-fixed and stained material Additional material was collected 
and prepared in the usual ways by the junior authors during the 
latter part of September and the early part of October, 1929 
Testes from these specimens were shrunken and relatively inactive, 
and yielded few stages suitable for counting chromosomes Ani¬ 
mals kept in the laboratory and killed later in the winter yielded 
testes which were still smaller and less active, while the seminal 
vesicles were markedly distended The material collected and 
prepared by the senior author in the summer of 1924 was found 
to be most favorable for study, and hence it has formed the basis 
for the conclusions given in this paper The species collected 
during the past fall has been definitely identified by J It de la 
Torre-Bucno as R fusca (Pahsot de Beauvois) Hungf (- R< amen- 
cana Mont), but we think the species collected in 1924 is also 
R fusca 

The spermatogonia in R fusca are believed to contain forty- 
two chromosomes of various sizes, but quite uniform m shape 
(Fig 1) Considerable difficulty has been encountered in de¬ 
termining this number, owing to the minute size of some of the 
chromosomes and the tendency toward crowding The primary 
spermatocytes possess twenty-two chromosomes, three of which 
tend to group themselves together in the center of the equatorial 
plate (Figs 2^3) These all divide at about the same time The 
secondary spermatocytes show twenty-one chromosomes in each 
cell in polar view (tig 4) Lateral views of these cells in meta¬ 
phase show a pair of chromosomes arranged end to end (Fig 5) 
This pair is believed to represent an XY-pair of sex-chromosomes, 
and their position explains the fact that in polar views one chro¬ 
mosome less than the expected number is seen These two chro¬ 
mosomes separate precociously, and are frequently advanced 
toward the poles of the spindle before the autosomes divide 
Although it has been difficult to find clear spermatid groups of 
chromosomes, it is believed that each spermatid receives twenty- 
one (Fig 6) 
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Atma/rn fu*cn (nm^nrann) 

1 ifl 1 Polur new of rmtnph wt of a. sjiuiiuitoKoiuum showing forlv two chro 
nmsomes 

I i oh 2 1 Prmmrv spt i mntoi \ t«« hi imtnphimi showing tiuntv two rhronio 
Homes in out h 

tiuM 4 5 Mitnphamn of miohdurv 8j>ermiitiK} ten lw entwine chi omosomes 

nrc visible in Figure 1 

I in 5 Tlit pur in tin ttnttr Htpariling m ndvimt-e of tlit division uf Ujl 
AUtosomes 

rid ft The spermntid cnmpltrmnt of tliromoHnines twentv out of wluth nrt 
lure shown 




255 


Spermatogenesis of Ranatra fusca 

The results can be explained most readily by conwdt ring that 
there is on XY-pair of chromosomes present and that the primary 
spermatocytes contain twenty bivalents and two univalents Ihc 
first maturation division Is probably reductional for autosomes and 
equational for the XY-pair The second division is probably 
equational for autosomes and reductional for tht sex-chromosomes, 
thus resulting in passing twonty-one chromosomes into each «pcr 
matid (twenty autosomes and either an X- or a Y-chromosomc) 
Another species taken with R fusca, but not yet definitely 
identified, Is probably the same as the second type mentioned by 
Chickenng (1918) in his earlior note We have observed that the 
primary spermatocytes have almost the same appearand as those 
described for R linearis by Steopoe, with the exception that wc 
find one small additional chromosome lying off at one side of thi 
main group Thtre is also a very characteristic group of five 
chromosomes located near the c< nttr of the equatorial plate This 
leads us to the belief that this spccu s and the second one mentioned 
in 1918 are identical and that they are alike in possessing a 
chromosome complex very similarto that of R linearis as described 
by Steopoe 

Al SION Col LEGK 
Albion, Michigan 
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THE MICHIGAN DECAPOD CRUSTACEANS 

FDWIN V CREASFR 

JN 1910 Dr A S Pearse published an account of the Michigan 
crayfishes, describing and figuring the species then known or 
reported from the state Since that tmu an abundance of crus¬ 
tacean material has been collected by the State Department of 
Conservation and by the Fish and C rustacean Divisions of the 
Museum of Zo6logy This rich material makes possible now a 
more detailed treatment of the distribution of the decapods in 
Michigan 

Two families of decapod crustaceans are represented in the 
Michigan fauna All the crayfishes are representatives of the 
family Astacidae Fight species of the genus Cambarus are now 
known to occur within the state The family Palaemomdao, es¬ 
sentially a marine group, is represented by the shrimp, Palae - 
numetes exthjwt Stunpson All these are described and figured 
in the present paper 


Family AstacidaiC 

Identification of the species of Cambarus is based largely upon 
the structure of the modified first abdominal appendage of the 
male, which is used a« a copulatory organ This organ undergoes 
a seasonal change so that two forms of the sexual appendage occur 
The differences between the two forms are sometimes very striking 
First form males can usually be distinguished by the homy color 
of the outer of the two rami of the appendage Identification of 
female specimens is possible from the structure of the carapace, 
chelae and annulus vontralis Ihe terminolog> used in the key 
which follows is explained in a glossary and figure at the end of 
this paper 
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KEA TO THE MICHIGAN GRAYF1SHKS 

1 a Sexual organ of male terminating m two Blender elongated tapenng 
tips either straight or gently curved Third walking legs with hooks 
on third segment Michigan species of subgenus Foxonuu 

2 a Both tips of male sexual organs curved posteriorly 

3 a Rostrum with subpamlJcl aides moderate lateral spines 
and short acumen Antennal scale uniformly rounded 
Chelae moderately broad, movable finger with straight 
cutting edge length of posterior section of carapace coil 
tamed less than twice in the length of the anterior section 
Male sexual organs gently curved Female annulus ven 
trails with a median transverse fossa 

C (Faxoniun) tnrih* Hagen (Fig 31) 



Fio 31 First and second form male Fio 32 First and second form male 
sexual organ antennal scales and sexual organ antennal scales and 

annulus ven trulls of C vtnlts annulus ven trails of C tmmunts 


3 b Rostrum convergent, with short acumen and with or with¬ 

out, lateral spines Antennal scale irregularly rounded 
Chelae narrow, movable finger with mcision at base on 
inner side Length of posterior section of carapace con- 
tamed twice in the length of the anterior section Male 
sexual organs abruptly curved Female annulus vent rails 
with a deep fossa to the left as viewed from the vontrul 
side C (Faxomus) imrmiwtt Hagen (Fig 32) 

2 b Tips of mole sexual organ straight 

4 a Rostrum with converging sides and a well-developed 

median canna or elevation above Sexual organ stout, 
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with short tips outer tip about the same U nglh as the 
inner whirh in smooth at the a|>cx Anterior margin of 
first form sexual organ smooth \nnuIuH ventralis flat 
usually without u fossa or with an irregular one following 
the curve of the sinus 

( ( FaxumuM ) propinquus Girard (Fig 33) 



Fio 33 First and second form male F ig 34 F irst and second form male 
sexual organ, antennal scale and sexual organ antennal scale and 

annulus ven trails of C pro pm- annulus ventralis of ( rusticus 

quit* 

4 b Rostrum with slightly convix sides, smooth or faintly 
carinate above Sexual organ slender, with long tips, 
outer tip exceeding the inner which is dilatod or swollen 
at the apex Anterior margin of sexuol organ of first form 
males with a shoulder or angle Annulus ventralis bitu 
horeulntc antenorly, with a short median transvei-se fossa 

C (Faromus) rushcu* ( irnrd (Fig 34) 

1 b Sexual organ of male terminating with two short tips curved at about 
right angles with the tnHin shaft the outer of the two tips (the top 
one) flattened laterally the inner one rounded Hooks on the third 
segment of the third walking legs m the male (Soe also item 1 c 
below ) Michigan sperms of subgenus HarUmuts 
fi ft Areolft visible throughout its entire length Carapace wider 
than high 

flu Rostrum moderately long without lateral spines Chelfle 
ribbed and (uursely punctate Areola about os wade aa 
antennal scale Cephaiothorax flattened above Length 
of posterior section of carapace contaimd twice in the 
distance from point of attachment of abdnou n to pos 
terior joint of the telson Sexual organ of male with both 
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tips curved posteriorly About the same distance Annulus 
ventraliB with a raised posterior margin, and a fodsa fol¬ 
lowing the sinus, which is curved to the left as viewed from 
a ventral aspect C (Bartonim) robuttus Girard (Fig 36) 



Fia 36 First and second form male 
sexual organ antennal scale and 
annulus ventralis of C robuatus 


6 b Areola obliterated Carapaoe higher than wide 

7 a Movable finger of chela with a straight cutting edge 
Anterior margin of carapaoe with a triangular protuber 
ance behind the antennal scale Length of posterior sec¬ 
tion of carapace containod less than twice in the distance 
from point of attachment of abdomen to the posterior 
joint of the telson Annulus ventralis fiat, with sinus 
curved to the right from ventral aspect, fossa short, 
median and transverse 

C ( BarUmma ) dtogene* Girard (Fig 36) 

7 b Movable finger of chela with an incision at the base on 
the inner margin Anterior margin of carapace nearly 
straight behind the antennal scale Length of posterior 
section of carapace contained more than twice in the 
distance from point of attachment of abdomen to the 
posterior joint of the telson Annulus ventralis with 
raised posterior margin, sinus curved to the left from 
ventral view, fossa shallow, extending from the anterior 
margin to the curve in the sinus 

C (Barton* uj) fodxen* (Cottle) (Fig 37) 

1 c Sexual organ of male truncate or blunt at the tip, other part ending 
m three rather short teeth, inner part terminating in an acute spine 
Hooks on third and fourth walking legs Michigan species of sub- 
genus Cambarut 
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Figi 30 First and second form male 
sexual organ antennal scale ami 
annulus ventraha of C dxogmes 




tio 37 First and second form male 
sexual organ antennal scale and 
annulus vent rails of C fodxens 



<£> 


Fia 38 First and second form 
male sexual organ and annulus 
vcntmluofC bkmdvtyuicutu* 


8 a Chelae long and euboyUndncal with scale-like tubercles above 
Antennal scale irregularly rounded Rostrum long, with short 
acumen and converging sides Cephalothorax granulate on 
the sides Areola narrow and smooth Male sexual organ with 
a row of setae on the outer side near the apex Annulus ven 
trails with a straight sinus between two tubercles 

C ( Cambartu ) hiandxixgxx acutus Girard (Fig 3K) 
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discussion of nomenclature 

The subgtnenc names are included in this paper, since it is 
my belief that they will eventually receive generic ranking As 
early as 1870 Hagen (1870, p 20) wrote as follows "With refer¬ 
ence to the further division of the genus Cambarus, it was es¬ 
pecially important to decide whether all North American Cambari 
belonged to the same genus or to different genera 1 am now 
convinced that all the spccit s I have seen form only one genus, 
containing several more or h ss well-defined groups In this man¬ 
ner the genera Lambarua and Astacrn setm vtry natural and of 
equal value But I have no doubt that some time the genus 
Astacua will be divided into three genera (for the European, North 
American, and Asiatic spicks), and Cantbarus into three or it 
may be into six genera as Prof AgaBsiz thinks M 

Ortman (1905a, pp 96-97, 1905/?, p 4*17) has clearly d< fined 
five groups of Cambnrus and has given them subgenenc names 
A consideration of Ortman’s groups as genera should uwait the 
much needed monographic treatise of all the crayfish< s 

The form of Cambania tmrnurm called C imrnums spimroatris 
by Faxon is not considered here as a true geographical sulispecies 
Specimens without spines on the rostrum occur in the same ponds 
with individuals tearing spines 

The distribution of C robuatu# has been studied by Ortman 
in Pennsylvania, Turner in Ohio, and Newcombe in West Virginia 
This species of the Bartomus group was not found by any of these 
men to intcrgrnde with the species called C barlonu barionn 
C bartonu barionn has never been taken in Michigan although 
Williamson (1907, p 133) found it in a small creek draining into 
Lake Superior near Searchmont, in Algoraa District, Ontario 
Cambarua robualua is unique in having the posterior section of 
the carapace elongated as contrasted with the abdomen The 
chelae and rostrum as well as the sexual organs also differ from 
those of the other species of this group In view of these facts I 
regard this form as specifically distinct rather than as a subspecies 
of C bartonu It is my belief that the species dosenbed by Faxon 
as C bartonu teteranus vs the same as C robuatua Old individuals 
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exhibit the peculiar gaping chelae, the character used by Faxon 
to differentiate veteranus 

Huntsman (1916, p 168) has recently shown that C aigiUicola 
Faxon is a synonym of C fodiens (( ottle) Ortman (1905, p 123) 
thought that C fodiens might be regarded as a local form of C 
diogencs These species have distinct habitat prcf< renct s, the eggs 
appear at different times, and there are some very distmc t morpho¬ 
logical differences Thus there can be no doubt that thtv are very 
distinct species 

PalaemonHes paludom (Gibfcxs) is litre considered a synonym 
of Palaemoneles cxihpes Stimpson 

DISTRIBUTION AND HABITS OF MIC HIGAN CRAYFJSHF8 

1 Cambarus vinhs Hagen 

Range — Chihuahua, Mexico, Texas, Oklahoma, Kansas, Mis¬ 
souri, Colorado, Iowa, Minnesota, Nebraska, North Dakota South 
Dakota, Wisconsin, Mulligan, Illinois, Indiana, Ohio, Pennsyl¬ 
vania, New York, Ontario, Saskatchewan and Manitoba 

Distribution in Michigan (Map I) — Cambarus i nr ills is found 
in ull the major drainage art as of the state A stock of this species 
from Green Bay of Lake Michigan has been planted in some of 
the lakes of Marquette C ounty 

Fcology — This species occurs very abundantly throughout 
Michigan in streams, rivers and lakes, and has a decided habitat 
preference for a stream l>ottom with stones, under which it may 
hide Cambarus vinhs occurs in midsummer in even the coldest 
streams, where the fish fauna is limited to Coitus, the millor's- 
thumb, and No Iveltnus, tfu brook trout The tggs are found 
attached to tht female usually before the last of April These 
crayfishes are of a dusk} brown hue 

2 Cambarus immums Hagen 

Range —Colorado, Oklahoma, Kansas, Missouri, Nebraska, 
Iowa, Wyoming, North Dakota, Minnesota, Wisconsin, Illinois, 
Indiana, Ohio, Michigan, southern Ontario, New York and Massa¬ 
chusetts 
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Distribution in Michigan (Map 4) — Cambarus tmmunts is 
found at the present time northward as far as Otsego County in 
the Lower Peninsula The possibility that it may occur farther 



Map 3 Distribution of C tnnlu in Michigan 


north illustrates the need for collections from the shallow-pond 
fauna of the regions north of the Straits of Mackinac 

Ecology — Cambarus tmmunu occurs In greatest abundance 
m stagnant ponds It is sometimes found in slowly moving waters 
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or in lakes, and has a decided habitat preference for muddy bot- 
toms, in which it may partially bury itself In temporary ponds 
Cambarus tmmunis resorts to shallow burrows during the dry sea- 



Maj 4 Distribution of C tmmunu in Michigan 


son Females with eggs attached are found late in November 
when the ice is just forming on the pond and In the latter part of 
February when the ice is just breaking up The carapace and 
abdomen are olive-green mixed with brown, the color varying 
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Map fi Distribution of C propv\qu\is m Michigan 


gome what with the environment On the dorsal sido of the ab¬ 
domen and carapace a lighter color forma a contrasting design 
The chelae are tipped with red A blue color phase has been found 
in Michigan 

3 Cambarus proptnquuA Girard 

Range — Quebec, Ontario, Michigan, Wisconsin, Iowa, New 
York, Pennsylvania, Ohio, Indiana and Illinois The record 
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for Chihuahua, M«xico, although well attested, needs to be 
confirmed 

Distribution in Michtgan (Map 5) - Cambaius propinquus is 
found in all the major ri\cr systems in the state and is our com 
monost species 

Ecology This species, which is found in rivers, lakes and 
streams, has a habitat pr( fercnct similar to that of Cambarus virihs 
females with young attached wt re taken n( ar Marquette and Ann 
Arbor m June Hus spuics is an important item in the food of 
the rainbow trout In the stomach ( \amirmfions nude of this 
fish taken from various localities in Michigan, hfty seven speci¬ 
mens of this crayfish were found The only other species found 
was Cambarus diogcncs, of which then werx three specimens 
Cambarus propinquus is brown, with orange-tipp< d chelae A 
blue color phase has been found m Michigan 

4 Cambarus rusticus Girard 

Range ~ R<ntucky, Oluo, Michigan, Indiana, Illinois, Ten¬ 
nessee, Iowa and Missouri Ihere is reason to doubt the n cords 
from states other than these 

Distribution in Michigan —The records for Michigan given 
previously by Faxon (1884, p 148, 1898, p 658) are doubtless 
erroneous Tho new records from streams of the Maumee River 
drainage ana in \a rmwe< County fit in well with the general range 
of the sp< ci< s, which, in brief, ih the Ohio Rm r and its tributaries 
The Maumee River and the Ohio River have l>een conneeted by a 
canal During flood periods some of the streams of the two rivers 
are confluont, allowing by this means also an exchange of fauna 

Ecology — 1 his species has been found in Michigan only m a 
small stream with gravel and stone bottom Many of the indi¬ 
viduals were hiding under the stones, in company with Cambarus 
propinquus The carapace and abdomen art a greenish-brown 
The claws of all the walking legs are tipped with orange 

6 Cambarus robustus Girard 

Range - West Virginia, New York, Pennsylvania, southern 
Ontario, Michigan and Ohio 
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Distribution in Michigan (Map 6) — Cambarus robustus occurs 
in seven nver systems draining; into Lake Erie and Lake Huron 
It has also become established in the Grand River system which 



Map 6 Distribution of C rotnutut in Michigan 


drains into Lake Michigan It will be noted from the map that 
this species is found in greatest abundanoe at the headwaters of 
the various river systems This is in accord with its habitat 
preference Its occurrence in Saginaw Bay is remarkable and an 
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explanation must await a study in that locality The failure of 
Canibarus robustus to become more widely established in the Lake 
Michigan drainage area may be due to environmental barriers 

Ecology — Cambarus robustus is found most abundantly in 
swift shallow streams, especially those with stony bottoms It 
frequently lurks under the larger stones Huntsman (1917, p 132) 
has found that it often burrows Cambarus robustus is uniformly 
deep brown on the carapace, chelae and abdomen 

6 Cambarus diogenes Ciirnrd 

Range —Wyoming, Minnesota, Wisconsin, Michigan, lowir 
Ontario, Pennsylvania, New York, New Jcmy, Virginia, West 
Virginia, North Carolina, Maryland, Ohio, Indiana, Illinois, Iown, 
Kansas, Missouri, Arkansas and Colorado 

Distribution m Michigan (Map 7) — As this species is one of 
the burrowing crayfishes, and as most of the collections have been 
made in streams, its distribution is not known as well as that of 
some of the others It is found, however, throughout the Upper 
and Lower peninsulas 

Ecology — This aggressive burrowing species is found in 
streams, rivers and lakes dunng the breeding season in early 
spring Later it returns to the burrows, which are sometimes at 
a considerable distance from the nearest stream or lake Moulting 
undoubtedly occurs soon after the breeding season, since the shed 
chelae and carapaces are found in great abundance during the 
latter part of spring Females with young are recorded bv Pearse 
(1910, p 20) as occurring in June 

7 Cambarus fodiens (Cottle) 

Range — Michigan, lower Ontano, Ohio, Indiana, Illinois, 
Mississippi and Louisiana Owing to the possibility of confusion 
With Cambarus uhlen , other records for this species should bo 
oonfirmed 

Distribution xn Michigan (Map 8) — Because of tho burrowing 
habits of thiB animal, its distribution in Michigan is also still 
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inadequately known The record by Pcarse (1911, p 130) from 
Cheboygan County was based on a young specimen, which on 
reexamination proves referable to diogents 



Map 7 Distribution of C d\og fnw io Michigan 


Ecology — This species is peculiar in its habitat preference for 
temporary woodland ponds It is found in them immediately 
after the snow melts in the springtime females carrying eggs 
are obtained in Michigan from March to April As the season 
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advances, these crayfishes resort to burrows, which arc eomctwru a 
five feet deep This aggressive crayfish is brown, with a design 
outlined in black on the abdomen and cophalothorax 



Map 8 Distribution of C fodnns m Michigan 
8 Camfwjrufi blandingxx acuius Girard 


Range —Michigan, Ohio, Indiana, Illinois, Wisconsin, Iowa, 
Missouri, Kansas, Oklahoma, Texas, Mississippi and Louisiana 
The records from the Atlantic coastal states need to be confirmed 
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Distribution tn Michigan — The single specimen found doad 
by Poarse at White Pigoon in Saint Joseph County is, as yet, the 
only one recorded from this state 1 

Ecology —Hams (1903, p 80) cites what is known of the 
habits and environment of this species It apparently resorts to 
shallow burrows, as conditions demand, and is sometimes found 
in streams and rivers, where it avoids strong currents It appears, 
therefore, to have a habitat preference and habits similar to those 
of Cambarus t mmunu The carapace, chelae and abdomen are 
decidedly reddish, with the granular parts contrasted in green 

Family Palaemonjdae 

Shnmp-like dicapod crustaceans, with strongly compressed 
abdomen First segment of abdomen little if any smaller than 
the others Abdomen with u sharp bend, and with five pairs of 
w< 11-developed pleopods, which are used for swimming First two 
pairs of legs chelate Second pair of chelae larger than the first 
Pleura of first abdominal segment overlapped by those of the 
second segment Rostrum long, immovable, compressed, armed 
with teeth Mandibles deeply cleft 

9 Pcdaemonelts exthpes Stimpson 
(Figure 39) 

Mandibles without a palp or endopodite Second pair of 
chelae only slightly larger than first Fifth walking leg exceeding 
the rostrum Antennae longer than body Outer flagellum of 
antennulo longer than inner Antennal scale rounded distally, 
sides subparallel, length exceeding rostrum Rostrum com¬ 
pressed, usually seven teeth above and two below (number 
variable) Second tooth of dorsal margin usually directly above 
the base of the eye stalk Carapace with lateral spine on anterior 
margin and another behind the eye Abdomen slender, curved 
at the end of the third segment Telson gradually tapenng, end¬ 
ing with a median tooth and two spines Sides of telson curved 
inward at distal end First abdominal appendage not modified 

1 After this paper had gone to prew I obtained a living specimen from 
Dowagiac Creek at Nile®, Bemen County, Michigan 
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Fio 39 PalaemoneUs exi/ipes Stimpmm 


into copulating organ Integument transparent in living annuals 
Small crustaceans, never more than two or three Inches long 
Range —Iowa, Wisconsin, Michigan, Ontario, New \ork, 
Pennsylvania, Ohio, Indiana, Illinois, Kentucky, Tennessee, 
Arkansas, Oklahoma, Texas, Louisiana, Mississippi, Alabama, 
Florida, Georgia, South Carolina, North Carolina, Virginia, 
District of C olumbia and Maryland 

Distribution in Michigan — Palaemonetes erihpes has been 
previously recorded by Smith (1874, pp 041-642) from Ecorse, 
in Wayne County In August, 1929, Professor Hankinson and 
the writer obtained many of these shrimps in Swan Creek at 
Oldport and Newport, m Monroe County They probably occur 
in other Michigan streams and nvers draining mto Lake Ene 
Ecology — This inti resting crustacean prefers slowly moving 
nvers and streams, or lakes and ponds which have an abundance 
of vegetation Palaemonetes exihpes attains its maximum num¬ 
bers in overflow ponds of nvers, where the fish population is sparse 
In such a pond near the Ohoopee lliver in Emanuel County, 
Georgia, I took over a thousand specimens in a single seme haul 
This speoics is doubtless an important fish food 
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These animals are nearly transparent in life, but have ohro- 
matophores over tho entire body The chromatophores are par¬ 
ticularly numerous upon the basal segment of the antennae The 
gills, heart, blood vessels, muscles and intestinal tract are readily 
discernible in the live specimens Palatmoneies exihpes is thus 
admirably adapted to expennu ntal studies It may be kept for 
a considerable time in an aquarium An abundance of vegetation 
should be present, and an air supply is absolutely essential I 
was ablo to keep my specimens alive for over five months 

These shrimps move either by sudden jerks or by awimming 
continuously forward They are also capable of moving sidewise 
Although the clawed feet are used occasionally for holding on to 
the leaves, they are usually doubled back beneath the body as 
the animal crawls from place to place of the aquatic vegetation 
They arc also used to scrape the food from the surface of leaves 
Shclford (1913, p 129) found PalaemoneUu cxihpes carrying 
eggs early in the springtime I have specimens of females carrying 
pggs which were obtained in April, July and August This suggests 
two breeding seasons during a year 

UNiVEHBiTt or Michigan 


GLOSSARY 

Annulus ventralls, an elevation of connective tissue covered by epidermis found 
between the fifth pair of walking Iona of the femalo It is used as a aperm 
receptacle 

Carpus, the fifth segment of the walking leg, counting from the bfu»e 

Cephalothorax, the solid front part of the body covered by a continuous 
chitmous shield The cephaht groove divides this into an anterior and a 
poetonor section 

Eplstoma, the sternal plate lying posterior to the base of the antennae The 
anterior process of tho eputoraa is a projection lying between the bases 
of the antennae 

Fossa, a cavity, pit or depression 

Merut, the fourth segment of tho walking leg, counting from the base 

Obliterated areola, areola limited to posterior and anterior triangular fields by 
the fusion of the branch 10 -cardiac lines 

Pleura, the side of an abdominal segment 

Sexual organ, the modified first abdominal appendage of the male 

Truncate, having the terminal edge square or even 

Sinus, an elongated groove 
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FiG 40 Diagram of C i hogcn&t 


abd — abdomen 
a#— antenna! scale 
6c—■ branchio-cardiw line 
cep —- pephalothorax 
eg — oephalic groove 


ch — cheliped 
ro — roatrum 
fel - tclson 
ur — uropod 
1-5 - walking legs 


3 


5 
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RESPIRATION OF THE HALIPLIDAE 
(COLEOPTERA) * 

JhNNINCS n IUGKMW 

JNSECTS that live in water art not* d for their drift rent methods 
of securing oxygen Since the hahphds art primarily aquatic 
animals, it is of interest to know how they have solved this prob¬ 
lem In fact, several investigators him ken concerned with this 
problem as related to the imagoes, but each his arrived at a dif¬ 
ferent explanation Mnthcson (1912, p INI) concluded that these 
bee tics obtain their air supply by way of the posterior coxal plates 
— a method epnte different from th it of the closely allied forms 
lie thought it was lmpejssible for them to take in air by the tip of 
the abdomen because the elytra are he Id firmly in place by spe tail 
knobhke structures He failed, however, to observe the fact that 
they can extend the pygidium far past tin Up and at the same time 
not open the elytra Brocher (1912, p 178) announced that these 
insects take in air m the same manm r as do the Dy tiscidae Late r 
on, b> means of some experiments and sonu observations with a 
magnifying glass, he (1922, pp 7 17) attempted to prove that 
his former statement was corn ct and the view of Matheson wrong 
He proposed the explanation that the air stor* which is noticeable 
between the posterior coxal plates and the abdomen eame from 
the air store that is above the abdomen and under the elytra, and 
was hydrostatic only in function Then I alkenstrom (1928, p 19) 
gave an entirely new explanation of the mech imsm of respiration 
and the function of the air store He staftd that under certain 
conditions the hahphds can take in mr as do the DyLsculae, but 
that generally they receive enough oxygen from the water by 
diffusion The surface of the bubble which is present in the pos¬ 
terior coxal cavity serves as a diffusion membrane He arrive d at 

• Contribution from the Zoological Tlaboratory of the l T mvemity of 
Michigan 
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this conclusion after he was unable to see the beetles, under normal 
conditions, come to the surface of the water to renew the air 
supply After I had finished my own investigation, Beier (1920, 
pp 204-209) published his work on Haltplus wehnckex Gerh He 
is inclined to agree with Brocher's explanation, although he gave 
no experimental evidence for thinking so He thought that the 
important function of the coxal air store was to allow carbon 
dioxide to escape from the tracheal system 

With these views in mind, 1 attempted to analyse the method 
of respiration Many experiments were performed to prove or 
disprove the views stated above and to add others if necessary 
The investigation has been directed to answer three questions 

(1) Where do the beetles obtain enough oxygen to support life? 

(2) What is the mechanism for obtaining the oxygen? (3) What 
is the function of the air stores? 

The author wishes to express his indebtedness to Professor 
Paul S Welch, under whose direction this study was made 

SOURCE or OXYGEN 

Some aquatic insects obtain their oxygen from that which has 
been dissolved in water while others take it directly from the at¬ 
mosphere* According to the work of other investigators, there is 
a disagreement as to what group the hahpiids belong to In order 
to settle this question, the beetles were subjected to the require¬ 
ments of both groups and conclusions were drawn from the results 

Prolonged submergence experiments 

First, the beetles were tested to see whether they could live 
when they were allowed access only to the dissolved oxygen in 
the water The following apparatus (Fig 41) was devised for this 
investigation Two eight-gallon rectangular aquaria (a, o') were 
almost filled with cistern water and placed side by side, one of 
which was about six inches higher than the other A test tube 
(6) with a pin hole in the bottom and an open glass arm sealed to 
the test tube about two inches from bottom was inverted m the 
lower aqu&num The arm was connected to a glass tube (c) which 
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extended to the bottom of the upper aquarium Another glass 
tube led from the bottom of the lower aquanum to the top of 
the upper aquanum To the lower end of this tube was connected 
a glass funnel (d) Air was bubbled into the glass funnel and 
as it passed over into the upper aquarium it earned some water 
along with it This maintained the level higher in the upper 
aquanum than in the lower, and so the water was siphoned back 
into the test tube and out by way of the pin hole The test tube 
contained a wire screen (/) suspended so that the beetles could 



hold on to it and crawl out of the current Algae ( 0 ) fastened to 
the bottom served as a food supply The beetles were placed in 
the test tube and allowed to become adjusted before the expen¬ 
men t was started Then they were submerged The purpose of 
the current at the top was to carry away any gas bubbles that 
might be formed from either the water or the plants C ontrols 
(A) were maintained under the name conditions, except that the 
insects were allowed to get air at the surface Minimum and 
maximum temperatures were recorded In every case the experi¬ 
mental beetles died m a few days, while the controls lived for 
weeks The accompanying chart (Fig 42) gives the results at 
the low temperatures of 4 to 8 degrees It can be seen that, 









Fio 42 Result* of prolonged submergenoe experiment 


day interval When the temperature was raised to 12-15° C , 
they lived only 1 to 4 days All the controls were alive 24 days 
later, when the experiment was discontinued When the tempera¬ 
ture was approximately 20° C , the submerged insects lived but 
18 to 48 hours Controls were alive 30 days later, when the ex- 
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penmen t woh discontinued From these results it would seem 
safe to say that the beetles do not receive enough oxygen from the 
water to support life even at low temperatures 

Surface mails 

Since, therefore, the insects could not live when submerged 
for a long time they must come to the surface to rt new tht air 
supply and subsequent observations m the field confirm* d this 
deduction They w( re seen (oming to the surface and diving at 
times when there were reasons to believe that it was thur natural 
behavior These visits were not frequent, even in small habitats 
where many beetles were prew nt, but still this same situation 
prevailed in laboratory cultures, whtre the beetles had become 
adjusted The reason for this infrequent surface relation will 
bo explained under the topic “respiratory interval ” Ihe field 
observations are also substantiated by the evidence given under 
“mechanism H 

MM HANI8M 

Experimental evidence 

After it had been found that the beetles renew their oxygen 
supply by coming to the surface of water, it was important to 
know by what avenue the air was taken into the tracheae Accord¬ 
ing to other workers, aa previously stated, it might be by way of 
the tip of the abdomen, or by way of the posterior coxal cavity 
Therefore, in order to determine whether the beetles were able 
to live when permitted to take in air by one route only, some 
experiments were performed Since in nature the beetles are at 
the surface for only a fraction of a second, it was necessary to 
provide the experimental beetles with tht same brief interval if 
any conclusions were to bi drawn as to the way they received thur 
air supply To accomplish this, the following apparatus (Fig 4d) 
was constructed A stiff wire (a) with a semicircular bend in 
the middle was balanced on a standard, liaving a round, wooden 
plug ( b ) for a fulcrum On one end of the beam was suspt nded 
an open vessel (c) containing an inverted IJ tube (d) One arm (e) 
of the U-tube extended to the outside through a one-hole rubber 
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stopper In the bottom of the vessel, and the other did not quite 
touch the bottom This was a special device for emptying this 
vessel of the water which had been led from a tap (/) None of the 
water that slowly dropped in could run out until its level had 
reached the bend in the U-tube Then it would all be automati¬ 
cally siphoned out before stopping By having the vessel filled 
and emptied at controlled intervals, that side of the beam would 
become alternately heavier and lighter, resulting in a fall and rise 
at regular periods This device is a modification of the Scott- 
Johnstone siphon bucket The other end of the beam was attached 



by means of a cord (gf) to tho crank of a shaft (A), also made of 
wire The shaft was supported by two vertical standards (i) 
Between the two supports the shaft had a square bend To this 
were hung short pieces of wire (j) carrying beetles attached at 
the free end, on small strips of cork, which in turn were submerged 
in a battery-jar of suitable water They were prevented from 
floating by means of a smker ( k ) The beetles were fastened to 
the cork with very narrow Btrips of adhesive tape The whole 
apparatus was adjusted so that, os the siphon bucket was being 
filled with water, the end of the beam on which it was suspended 
slowly dropped with corresponding nse of the other end The 
latter lifted the crank, turned the shaft, and thereby brought the 
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beetles to the surface The apparatus was timed in such a manner 
that the siphon bucket side of the beam was never down until it 
was completely filled Then, as soon as a small amount of water 
had been siphoned off, the beam rose suddenly This timing was 
necessary in order to make the duration interval of beetles at the 
surface as short as possible The duration of the submergence 
interval could also be controlled and varied by allowing the water 
to enter the vessel at different rates An additional feature was 
the fact that the apparatus would run day and night with only 
occasional attention to maintain the water at exactly the same 
level in the expenmental jar Also many individuals could bo 
tested at the same time and all receive identical treatment At 
first several beetles were attached to the cork so that only the 
tip of each abdomen extended above tho water when raised to 
the surface It was possible to do this because the coxal plates 
are shorter than the abdomen, and while the tip was exposed, the 
coxal plates were completely under water Submergence intervals 
of ten minutes, thirty minutes and two hours were used In ex¬ 
periments involving each of the intervals, the beetles were ahvc 
after two weeks of continuous trial Other experiments already 
presented showed that they cannot do without air so long The 
pygidium was observed to be extended into tho air each time the 
beetle was at the surface and, if tune permitted, extended and re¬ 
tracted several times Since water prevented the entrance of any 
air except by way of the tip of the abdomcr, it would seem that 
the experiment definitely proved that the beetles can live if they 
are permitted to obtain air only in this manner No attempt was 
made to find the longest possible submergence period, since it had 
no bearing on this problem Later, beetles were fastened to the 
apparatus in such a manner that the coxal plates were exposed 
to the air when raised At the same tunc, the pygidium was pre¬ 
vented from being extended by means of strips of adhesive tape 
over the tip The same results were obtained as in the first case 
Therefore, it can be said from this senes of experiments that the 
beetles are able to obtain air by way of cither the tip of the 
abdomen or the postenor coxal cavity 
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Photographic evidence 

Though close observations under the binocular microscope 
showed that the beetles broke the surface film with only the tip 
of the abdomen, nevertheless, there was a possibility that all was 
not seen, since the duration of this prociss is very slight For 
that nuson motion pictures of the beeths coming to the surface 
and diving were taken through the side of the glass vessel In 
evrry case the pictures showed only the tip of the abdomen m 
contact with the air, and the body was not fxtmdcd far enough 
to < xposc the coxal cavity 

FUNCTION OF AIK STOKE 

It is a very noticeable fact that tho beetles whin submerged 
have a largi bubble extending from the posterior coxal cavity 
Its function has never been definitely t stabhshed As stated 
nbo\c, Brother believed it to be of hydrostatic function only 
Falkenstrom, although hi does not mention tlu hydrostatic func¬ 
tion, adds the idea, that it acts as a diffusion membrane and takes 
in enough oxygen to allow the beetle to live indefinitely submerged, 
which has already been shown to be wrong In addition, there is 
tht problem whether or not the bubble is a true air store 

Hydrostatic function 

The beetle reaches the surface by passively floating up or by 
swimming, but in other case it brinks the surface film with tho 
tip of the abdomen Whenever the bubble is absent, the beetle 
m heavier than water and will sink Then it can reach the surface 
only by swimming Orientation is also disturbed, so that it can 
no longer break the surface film with the tip of the abdomen 
The same thing is true when the free portions of the coxal plates 
arc removed Tho clipping of the plates caused some difficulty 
at first, but with a specially devised instrument it was easily done 
One tint of a pair of forceps was sharpened to a square edge and 
bent inward about one half of a centimeter from the end The 
other tine was also ground down to a fine, square edge and 



285 


Respiration of Hahphdae 

shortened so that the two tips of the tines just met By slipping 
the straight tine undt r the coxal plate and pressing down with 
the other the coxal plate was easily clippul off m bits As little 
or os much of the coxal plate could be removed as was desired 
In fact, all traces of the free portions could be n moved In order 
to perform this operation the beetle was held fast by gently push¬ 
ing its dorsal side down upon adhesive tnpt Tlun it was rernovt d 
to the stage of a binocular microscope, and the tape was hr Id in 
position by means of the Htage clips \\ hen a l>eetlc with the frt e 
portion of the posterior coxal plate rcmo\t d is suhmt rged in watxr, 
the bubble is no longer present and the lactic’s la havior ih similar 
to that of one robbed of its air bubble Its equilibrium is likcwiw 
disturbed and it lias to nuch the surface b> swimming Also, it 
no longer breaks the surface him with the tip of its abdomen, but 
must crawl out if it is to renew the air supply It would naturally 
bc< m that the bubble which the beetle has between thi posterior 
coxal plates and the abdomen helps it to reach the surface and so 
onents tht body that the tip of the abdomen tan properly brt ak 
the surface film It likewise gives some hint as to the function 
of these greatly expanded posterior coxal plates that characterize 
this family of beetks 

Respiratory function 

In order to find out whether the oxygen of the air bubble is 
used during its stay undt r watt r, an analysis was made by rrn ins 
of a modified Krogh s micro-gas analytical nu thod (1008, pp 270 
288) A description of the apparatus (hig 44) and methods used 
does not scun necessary, sinu they were very similar to those of 
Krogh, which arc well dt scribed elsewhere However, a method 
of collecting the gas had to be dt vised It was ultimately found 
possible to collect the very small bubble with a long flexible, glass 
capillary tube (a) The suction was applied In means of a column 
of mercury (h) When the gas for analysis was being collect* d, the 
freo end of the capillary tube was plact d in thi watt r anti allowed 
to beoomt filled by lowering the column of mercury Then the 
free end of the capillary tube was brought into tontact with the 
bubble and part or all was drawn into it, followed by some more 
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water Before the bubble reaohed the end of the capillary tube 
the column of mercury was raised and the bubble was transferred 
to the collecting funnel of the analyzer Care was taken to prevent 
the bubble from being brought into contaot with the air and to see 
that the apparatus was filled with the same kind of water as was in 
the cultures The bubble could be removed repeatedly without 
disturbing the beetle The time was noted when the beetle came 



to the surface and when the bubble was removed The following 
are a few of the many records taken Results of analyses are 
expressed in terms of percentage of the whole bubble volume 
These percentages are corrected for temperature It is quite 
impossible to give another explanation of these analyses than this 
— that the animal during its stay in the water inspires and expires 
from and into the bubble in the posterior coxal cavity Therefore, 
the air store is utilized during its stay under water The behavior 
of the boetle greatly affected the percentage of oxygen present 
If it had been swimming about very much before the bubble was 
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TABLE I 

Analysba or Am Stohfs 


Hl>ocie* 

Tune of analysis 

o, 

CO, 

Peltodytes edentulus Lee 

Immediately after 

19 1 

0 8 

Halipiuj tnoputf Say 

diving 

Immediately after 

16 3 

0 4 

Peltodytes edentulus Lee 

diving 

Five minutee after 

10 2 

1 4 

Peltodytes edentulus Loc 

diving Active 
Ten minutes after 

5 6 

2 3 


diving Active 




taken, the percentage of oxygen decreased very rapidly If it had 
been quiet previous to taking the bubble, the percentage of oxygen 
was much higher These things ha\c to be taken into account in 
order to get a clear understanding of what becomes of the oxygen 

Respiratory movements 

If the oxygen of the air store was used by the beetles, there 
should be respiratory movements under water As regards this, 
the author believes he has proof that such movements occur After 
careful observations under the binocular microscope, the attached 
bubble was seen to become smaller and larger at rhythmic intervals 
This change in volume of the bubble is interpreted as a sign of 
respiratory movements Reasons for this statement are as follows 
On examinmg a beetle out of water, with its tlytra removed, there 
are very ovidf nt movements of the dorsum that would be taken 
as respiratory movements from what is known about other insects 
Such movements under watt r would cause the bubble to become 
smaller and larger, as was observed With tho contraction of the 
dorsum, the space under the elytra would become larger and the 
air in the bubble would come in to fill it On expansion of tho 
dorsum the space would become smaller and then the air would 
be forcod out Since the beetles wore nt rest when observed, no 
other explanation can be given for this noticeable change m volume 
that occurs in the bubble 
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Respiratory interval 

Whcu beetles are first put into the aquaria, they are always 
quite active and come to the surface very frequently The same 
thing is true when thiy are disturbed, after they have become ad¬ 
just* d to an aquarium, or to natural conditions It is very ob\ ious 
that mere ased activity on the part of beetles requires more oxygen 
and therefore more frequent trips to the surface are necessary to 
supply this neid The duration of the submergence intervals of 
a disturbed beetle vanes irregularly from two to three seconds to 
several minutes On examining good cultures, however, a very 
noticeable difference is observed from what has boon previously 
statt d 1 he beetles are not very active, but move occasionally 
about the vegetation, now and then swimming short distances 
When the proper precaution was taken, some were olwerved to 
remain submerged continuously for more than two hours No 
attempt was made to find the longest period that an individual 
would remain submerged when not disturbed It would seem 
from these two contrasting observations that these insects ordi¬ 
narily use little oxygen and, therefore, frequent trips are not neces¬ 
sary to supply their needs When they are disturbed and swim¬ 
ming about, the oxygen wed is much greater and the submergence 
interval is, therefore, shorter 

SUMMARY 

1 The imagoes of the Haliplidac must come to the surface of 
the water for their air sqpply even when the temperature is about 
tero Centigrade 

2 Normally, they take in air by way of the tip of the abdomen, 
although they can live if permitted to obtain the air only by way 
of the posterior coxal plates 

3 Ihc air store retained by the posterior coxa! plates has 
both respiratory and hydrostatio functions 

4 The duration of the submerged interval is dependent upon 
the nature of their activity 

Michigan Statk Nohmal Coli koe 

Ykbilanti, Michigan 
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INCREASED GROWTH IN HYBRID 
SUNFISHES 

CAR! T HIJBBS AND I AURA C HUBBS 


W E TAKE In nature a considerable number of sunfishes, which 
we have interpreted as intergenenc hybrids, especially as 
between Apomotis cyanellui , the green sunfish, and Eupomotw gib - 
bosiLs f the pumpkinseed We have by actual cxp< riment validated 
this interpretation, for the hybrid combination specified, and also 
for the Apomotu X lleltoperw cross (Hubbs and Hubbs, 1930) 

In some natural waters in Michigan, the largest sunfishes we 
have taken are hybrids The largest one from Third Sister Lake, 
near Ann Arbor, is an Apomotis X Eupoviolis cross By far the 
two largest taken in Sunken Lake, in Presque Isle County, are 
apparent Eupomotis X Hehopercn hybrids The latter show 
probable h>bnd vigor also in their excessive development of sec¬ 
ondary sexual characters 

We have been able to put this suspected increased growth of 
hybrid sunfishes to a number of tests We have studied the 
growth of Apomotis, Eupomolis and hybrids between these genera, 
m nature, in Wiard’s pond, near Ypeilanti (see Fig 45) Material 
of all three from this pond has been brought into the Experimental 
Aquarium of the Museum of Zotilogy, during their first winter, and 
has been kept there for a year under conditions as nearly uniform 
as possible for all (see Fig 40) Finally, we have maintained our 
experimentally produced hybrids of Apomotis X Eupomotis , and 
have measured their growth to the end of their first year All the 
measurements, about 1200, were carefully taken on living fish from 
tip of snout to end of vertebral column, by means of dividers 
The data are presented in Table I and in the graphs 

We cannot be sure whether the hybrids taken in nature are 
in the first generation Some, from their appearance and from 

201 



Fia 4fi Sixe frequency graph for two genera of sunfisheg, and of hybrid* 
between them Material collected before start of spring growth, in 
Wiard b Pond, Michigan 

the ecological conditions, wo suspect may be backcrosses of the 
hybrid with Eupomotis 

The samples for measurements were all taken in February and 
March, when none of the fishes from the pond near the end of 
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Fiu 40 Graph showing observt d growth of two g< nera of mm fishes and of 
hybrids The lines indicate the range in bush at each date for tiich lot, 
the circle* show the average m-w for each 

their first or second ytar hud started to grow (scales for th< 1930 
sample only examined), because none hud formed an annulus at 
the scale margin (sec Cruiser, 1926) Their imnsuroments arc 
thtreforc finely comparable A ftw of the older hsh showed a 



294 


Carl L and Laura C Hubbs 


little growth outside the previous winter mark, but whether the 
small growth indicated had taken place in the latter part of the 
winter or during the whole previous growing season was not clear, 
nor does this difficulty seriously interfere with our comparisons 
(see item 10 of Table I) None of the first- or second-year fish, 
of all the 207 taken in 1930, had scale characters which admitted 
of any doubt whatever in their indication of the age of the fish 
Furthermore, the age-determinations from scale readings are well 
confirmed by the size-frequency distribution (see Pig 45) The 
first year-group for the 1929 samples stands out so well by fre¬ 
quency distribution that age-determinations by the scale method 
(Creaser, 1926) were not considered necessary 

Por the second year-group taken in February, 1930, we com¬ 
puted the first and second year’s growth, on the widely used as¬ 
sumption that scale growth to each winter mark is proportionate 
to the growth of the fish for the corresponding period The 
computation made by direct proportion, uncorrected, involves 
errors (Creaser, 1926), but th< m are probably in the same direction 
for all three sets The fact that the values for the computed 
growth during the first year, 1928 (item 1 of Table I), are lower 
than the measured growth for the same period (item 2), is probably 
an expression of the error m the method of growth computation 
The value for the second year’s growth in 1929 (item 5) is the 
difference between the computed first year’s growth and the 
measured growth for the first two years 

The first full year’s growth of the aquanum-bred hybrids 
(item 4) was greatly in excess of the first season's growth of the 
natural hybrids, although all were measured in February and 
March (the former on February 15) This is probably to be ex¬ 
plained by the facts that the laboratory hybnds wore hatched long 
before natural spawning and grew over the winter 

The growing of the hybrids and of the parent species under 
controlled conditions (items 6 and 9 of Table I, and Fig 46) was 
earned out with considerable care The specimens, uniformly 
nearly one year of age (all had completed their first growing 
season), were brought into the Experimental Aquanum from 
Wiard's pond in February and March, 1929, and kept together 
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in a largo aquarium until summer, when all were put into a garden 
fishpond In the early fall they wen n turned to the aquarium 
and kept together untd some of the hybrids had grown so much 
larger than the examples of the pirent species that they started 
to devour them The fishes wert then sorb d by size into two ad¬ 
jacent aquaria and given similar treatment When in the aquarium 
these fishes were fed all the food they would take, so as to insure 
the filling of the smalhr ones The bulk of the food consisted of 
bird meat, which is a very satisfactory growth food for sun fishes 
This was frequently varied by living food (earthworms, etc ) and 
other matter, even through the winter Caro w'as taken to give 
all the individuals as nearly optimum conditions as possible 
Nevertheless, the hybrids grew about twiw as fast as the Eupo~ 
moti8 sample, and much faster than the Apomotis specimens 

Ihe difference between th< first years growth of the hybrids 
and of Eupomotis in 1929 was probably greater than indicated in 
item 3 of Tablo 1, because I he one hybrid of that year-group taken 
was very bidly parasitized, and probably stunted down to a size 
approaching that of Eupomotm at the same age 

The greater growth of the hybrids is suggested also by the 
size of the three oldest sunfishta cnight in February, 1930 The 
only three-yoar hybrid (with 2 annuli, not counting the one at 
margin) taken was 107 mm long Two five-year pumpkinscids 
were only 1X4 and 118 nun long, and a seven-year green sunfish, 
only 4 mm longer than the three-year hybrid 

Table I shows only the data and the mean sizes with the 
probable error of each mean, so far as computable Table II 
indicates the consistent excess in growth of the hybrids over that 
of each parent species for the same hfe-stagt s This excess in 
growth vanes from 7 to more than 100 per cent The mean per 
cent excess of growth in length of the hybrids, weighted by the 
statistical probability of significance of the di terminations, is 
50 por cent over that of Eupomotis and 36 per cent over that of 
Apomoiis Ihe mean for the excess in growth of the hybrids, 
derived from the determinations of the entire growth to the given 
stage (with the three sets of dt terminations, for the second year's 
growth or for the second winter’s growth eliminated), is about 
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TotaJ number of length determiDancme or computations 1130l 
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41 per cent over that of Eupomolis and 29 per w nt great* r than 
that of Apomoltn From these latter figures we have estimated, 
with no very large probable inaccuracy, the mean greater growth 
of the hybrids in weight, on certain warranted assumptions indi¬ 
cated in the last footnote (§) of lable II lhe growth in weight 
of the hybrids was roughly 180 per cent greater than that of the 
Eupomolis samples, and 115 per cent gnater than that of the 
Apornotis wimples 

The mcnased growth of the inUrgenenc smnfish hybrid Apo- 
motis cyaneUua X Eupomotis gibbosu*t may, therefore, l>e regurded 
as established It rt mams to be determined to what degree this 
increased growth-rate p< rsists in further generations, if the hybrids 
arc fertile It also re mains to be learned whether the increased 
growth-rate of this and perhips of other hybrid combinations may 
have any significant bearing on pond fish culture 

Adiuhonai Data 

As the paper was going through the press, some additional 
evidence on the mere aw d rate of growth of hybrid sunfishes of the 
Apomotiy-Eupemwtis combination was obtained 

A third sample was taken in YViard's Pond, Michigan, on 
Noveml>er 23, 1930 lhe average size of the young hybrids, on 
this date not quite one year old, was again found to be greater 
than that of either parent species lhe difference, however, was 
not very great, but was of probable though not certain “statistical 
significance " 

lengths (to caudal fin) of 01 young of Fupomotu 20 to 39 mm average* 
28 40 ± 0 38 ram 

Lengths of young of 13 hybrids, 27 to 38 mm , average 30 76 ± 1 286 mm 
lengths of 39 young of Apojrwtu 18 to 41 mm average 2fl 82 ± 0 66 
mm (All measurements on young taken on preserved specimens ) 

Difference between means for hybrids and Kupomotm, 2 27 mm , which 
is 1 7 times the probable error of the difference 

Difference between moans for hybrids and 4pomotin 3 04 mrn which is 
2 7 times the probable error of the diffi rcnce 

The single 2}-year-old hybrid taken on November 23 was 
100 mm , much larger than any of the parent species of the same 
age Seventeen of Eupomotis were 53 to 77 mm long and aver- 
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aged 67 7 mm two of 4 portiotis were 71 ind S2 mm long A 
year-old sunfish ( Fupomotis ) wis9l mm long and om 41 >tarn 
old was 108 mm long 

Young aunfiahos of thr same two sp<tii« md of hybrids bt 1 - 
tween them were also taken in Phot mv Pond, near Plymouth, 
Mulligan, November 13 to 22, 1930 I hf hybrid* were again 
found to be larger than cither parent species 1 h< rt suits a* con¬ 
ventionally computed show a statistically significant difference in 
the size, but since only four hybrids were obtuned, tluy cannot 
he regarded as more than confirm dory of the results obtained on 
fuller material 

l^agtlut (to caudal fin) of 396 >oung of FupmntUm 20toltmm LVfrnge, 
81 29 ±0 I t mm 

Lengths of 4 hybrids 35 to 39 mm aver igo 37 25 ± 1 60 mm 

Lengths of 48 young of 4 pomoii* 21 to 40 mm average 29 98 _L 
0 40 mm (All measurement* taken on preserver! specimens ) 

Difference between means for hybrids and hupomott* 5 96 mm whn h 
is 3 6 times the probable error of tho difference 

Difference between means for hybrids and 1 pomoli* 7 27 mm which is 
4 3 times the probnbh error of the difference 

Lnivi-rhity of Mjchujvn 
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THE COREGONID FISHES OF NORTH¬ 
EASTERN AMERICA 

WAT TER KOLIAS 


FOREWORD 

'JTIIS paper embodies further studies of the coregomd fauna of 
the Great Lakes area anti is, therefore, an extension of an 
earlier paper (Koelz, 1929) Much of the work was don< while I 
was holding the Alfred H Lloyd Fellowship during the year 
1928-29, and it is hoped that the results may be found in some 
degree worthy of the opportunity the University of Michigan 
afforded in granting the fellowship The investigation was com¬ 
pleted while I was serving as ichthyologist In the institute for 
Fisheries Research 

It may appear to some that forms have been needlessly multi 
plied, but anyone will readily find by consulting the literature p< r- 
taimng to these fishes that other workers have almost uniformly 
set up species much more freely than subspecies have been made 
here Many of these species are not here recognized as worthy 
of even the minor designation It is, after all, a matter of Uw*r 
moment in what manner the morphological formB are designated 
The naming of a form merely calls attention to peculiar charac¬ 
teristics and affords a convenient means of reference The undet- 
atanding of the significance of the phenomena thus labeled is one 
of the great aims of biological investigation 

The types of all the new forms described arc in the Museum 
of Zoblogy of the University of Michigan Paratypes, unless other¬ 
wise indicated, are preserved there also In addition, the Museum 
usually has at least one specimen of the race of each coregomd 
found m the various lakes here reported on 

Individuals and institutions have generously made available 
most valuable material and I acknowledge my obligation to 

303 



304 


Walter Koelz 


Mr J R Dymond of the University of Toronto for the loan 
of his collections, to Mr lohn R Greehy of Corm 11 University 
and Professor F H Faton of Hobart College for the loan of the 
collections made under the New York State Conservation De¬ 
partment 8urvo>s, to Professor John N Iiowe of the Michigan 
Northern Normal ( ollege for special collections of valuable ma¬ 
terial, to Mr H H Muchay of the Ontario Came and fisheries 
Department for allowing me to examine the specimens in the 
Department’s collections, to Professor George Wagner of the 
University of Wisconsin for the use of the vast coregonid collec¬ 
tions of the Wisconsin Natural History Survey, and to the authori¬ 
ties of the U S Bureau of Fisheries, U S National Museum, Field 
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GFNHUL RFM/YIIKS 

These studies are based on an examination of over 2122 speci¬ 
mens of Leucichthyn artedi from 119 lakes, 11 of Leueichthys barl - 
leth from the type locality, 294 of Coregonus clupeajormm from 
42 lakes and rivers, and 41 of Prosojnum quadrdaterale from 9 lakes 
The material of L artedi came from Michigan, Upper Penin¬ 
sula, 17 lakes, 595 fish, Michigan, Lower Peninsula, 26 lakes, 
597 fish, Wisconsin, 29 lakes, 555 fish, New York, 11 lakes, 
75 fish, Indiana, 4 lakes, 10 fish, Minnesota, 2 lakes, 4 fish, 
Ontario, 25 lakes, 279 fish, Manitoba, 2 lakes, 2d fish, Saskatche¬ 
wan, 2 lakes, 9 fish, Alberta, 1 lake, 6 fish The specimens of 
C clupeaformis originated as follows Michigan, Upper Peninsula, 
5 lakes, 82 fish, Michigan, Lower Peninsula, 2 lakes, 31 fish, 
Wisconsin, 2 lakes, 74 fish, New \ork, 9 lakes, 33 fish, Maine, 
10 lakes and rivers, 41 fish, Montana, 1 lake, 6 fish Minnesota, 
3 lake, 3 fish, Ntw Hampshire, 1 lake, 1 fish, Ontario, 9 lakes, 
25 fish, Saskatchewan, 3 lakes and rivers, 8 fish The specimens 
of P quadnlaierale aro from Maine, 2 lakeB, 12 fish, New York, 
5 lakes, 27 fish, and New Hampshire, 2 lakes, 2 fish 

Not all available characters have been studied m making analy¬ 
ses of the specimens Through long experience with Great Lakes 
forms it has been found that certain structures are extremely 
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variable (adipose fin) nr else very constant (fin rays, branchiostegal 
rays) or even impossible of accurate recording (body width), and 
therefore time has not been given to istud> of such characters Food 
has not been examined, partly because Great Lakrs studies indicate 
that the species there eat what is available, and no (cological data 
have been employed, chiefly for the reason that none are recouled 
Most of the specimens have lxtn accumulated in the course of 
casual collecting and data on the distribution of tht species in the 
lake of origin have not been gathered Tutu of spawning is not 
discussed in the accounts of the various forms, parti} Ijccaum 
there is generally no clue to the date of < gg-laying other than the 
sexual condition of preserved specimens and partly becaum the 
breeding season has been found in Gnat Lakes forms to b< ex¬ 
tremely variable, differing from season to season, from lake to 
lake, or even from school to school in tlu same locality Hu re 
is, however, no reason to behove that any of the inland lake forms, 
with one exception, hn\e breeding habits different from those of 
the known races of related forms in th< Great Iiakes (Set ( ahn, 
1927, for an account of spawning of L arltdi in mlmd wultrs ) 

It was pointed out bv Koclz, 1929, that the congomds are a 
variable group In moat of the secies isolated populations ex¬ 
hibit more or less pronounced structural differt nces, and these 
intraspecific diffircnces may l>e greater than those which separate 
one species from another, ( specially in the genus Leuachthys 1 ur 
thermore, certain of these variants may rest mble another speues 
of Leunchthys much more clostly than the y resemble any of the 
other forms within their Bpocus group The sptaea Lcunckthys 
artedi was shown to lx* the most variable of the genus 

Where there are wU rgrudmg forma m intervening areas, the 
relationship of these very different mtraspeeific variants can be 
demonstrated, and in the Great Lukes, where all the habitats are 
connected, such intergradation has beta established In inland 
lakes, however, isolation is for the most part complete and mtcr- 
gradation cannot then be shown, i xctpt that forms, select! d it may 
be from areas that arc widely different in their g<ological and bio¬ 
logical history, might be found to fill the gap tx tween extreme types 
of variation The construction of a table of relationships is of 
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course always open to objections in a group like Leucichlhya, in 
which the species are very similar and extremely variable, but in 
this paper I have treated any form of Leucichlhya, when only one 
species occurs in a given body of water, as a member of the artedi 
group 

My reasons for doing this are baaed on facts of (1) distribution 
and ecology and (2) structure (1) Leuctchthys artedi has the widest 
distribution of the genus in the Great Lakes It occurs in all the 
lakes Of the other eight species none occurs In Lake Fne, a body 
of water which on account of its shullowness is probably closer m 
its environmental conditions to inland lakes than the other deeper 
or larger bodies of the great chain L artedi is abundant in all 
the lakes, keeping in all but Fne and Ontario principally to depths 
of less than 20 fathoms, but traversing freely the surface layers, 
even over gruit depths The species is known to occur abundantly 
in Lake Ene in its greatest depths (36 fathoms) and in Lake On- 
tano to about 00 fathoms Lack of competition may have opened 
these deep waters to a species that 18 apparently very adaptable 

(2) There is a unity of appearance in all these inland-lake 
forms They ail look most like L artedi This appearance is 
more or less indefinable, but it is none the less real There are 
slight differences of shape, flesh texture, color, etc , that distin¬ 
guish the various species of Leucichthys found in the Groat Lakes, 
and anyone familiar with the nine Bpecies can identify by inspec¬ 
tion the majority of individuals I have on occasion had fishermen 
select collections of a given species from a mixed catch and have 
found them able to make identifications without resorting to the 
aid of measurements or counts In addition to general appearance, 
the regularly applied body proportions and counts of multiple 
parts of the various inland-lake races are not as a rule much 
different from those of races of L artedi from the Great Lakes 
Probably only in the case of the forms birgei , wagnen t and pos¬ 
sibly greeleyx would anyone feel that the relationships are in 
doubt, and anyone of this opinion may call these forms species of 
Leucichlhya , rather than subspecies of L artedi , for it is not at all 
clear that tht y are related to any of the deep-water forms 

The specimens of Leucichlhya artedi may be divided into 24 
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groups, those of Coregonus clupeaformia into 7, and the Prowpium 
quadrtlakralc into 2 The characteristics of the hrst two are shown 
in the analyses on pages 311—31 3 and 371 The division is, of 
course, purely arbitrary In most cases a form is distinguishable 
from any other by exhibiting average differences in at least two 
characters It is purely the result of chance if this ib so, Ik cause 
as a matter of procedure I believe unv form is worthy of a name 
if it can bo shown to exhibit certain constant, even if only average, 
differences, in a single character The application of a name has 
nothing to do with the meaning of the phenomena so ticketed 
The significance of such differences cannot be determined without 
further investigation and may even remain incomprehensible, but 
the name serves to call attention to the diffen nces 

Not all of these forms have been found to bt equally abundant 
In the species L artrdi typical artedi has the widest distribution, 
and outside the Great Lakes is known to occur in 19 inland lakes 
Wagnen, hankmsom , magnus, ofimerifornii*, birgei and nucrocepha - 
lus are known only from the type locality The rest are known 
from a varying number of lakes clarenstH 20, mackayi 13, nsco 11, 
woodt 7, greeleyi 7, chmensi 6, tullibee 6, winntpegofns 6, nt#8eh 3, 
huromeus 3, mrgenti 3 lowei 2, mendotae 2, atikamek 2, annensm 2, 
albus 1, mamtnuhnus 1 

In Corcgonus clupeaformis typical clujuaformis is known to 
occur nowhere outside the Great Lakes, except in Torch I,akc 
Neo-hantonienms is found in 22 localities, gull ven in 5, atanleyt in 5, 
lotus in 1 , diuttini in 2, and medorae in 1 

Probably no two of the isolakd races that have been grouped 
under any one of these names are, in fact, exactly alike The \ alucs 
of most of the systematic characters employed to separate the 
forms change with growth, and the races cannot be compared in 
moro detail until sufficient comparable material is available I he 
data at hand show merely that the races grouped under a given 
name resemble one another more closely than races of a different 
name 

The distribution of the vanous mas onh roughly follows 
geographical areas The variants of L artedi may serve as a 
basis of discussion In general, the fish of the southern part of 
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the range in Michigan, Indiana and Wisconsin belong to a short¬ 
headed form sisco that is distinguished from the typical form by 
having also a short snout and maxillary However, in a lake in 
the Upper Peninsula of Michigan there is found a race microcepha* 
lus still more i xtremo in these characters Typical artedt seems to 
occur m tht l>elt above the sisco zone in Wisconsin and the Lower 
Peninsula of Michigan and sporadically cost to Lake Champlain 
A poorly diff< rentiatcd variant osmenformis is found in Seneca 
Lake, New York In northern Wisconsin there occurs clarensis, 
a race that is like typical artedi, except in having a proportionally 
shorter snout and maxillary, and similar specimens are found in a 
few lakeR in southern Michigan In the Upper Peninsula of Michi¬ 
gan there occur chiefly forms that are like the race clemensi in Lake 
Nipigon, such are also found in one lake of northern Wisconsin 
very clow to the type locality of clarensts Th<re arc also in this 
area wveral forms that have differentiated both from the clemensi 
type and from the greeleyi type, ritssch, atikamek , hurameus and 
armemr/s The first occurs also in Ontario, and probably in New 
York, th( wiond in northern Wisconsin, the third probably also 
on Isle Royalc and in New York, and the last probably also in 
Ontano Grcclcyi occurs in the deep lakes in the Lower Peninsula 
of Michigan and New York, but it does not occur in all the deep 
lakes in these places The albns form occurs outside the (?reat 
Lakes in an inland lake of Ontano The deep-bodied races, tullibee 
wtnmpegosis, magnus, manitoulmus and tcoodi, seem to be northern 
in their distnbutton, occurring from the northern half of the Lower 
Peninsula of Michigan northwestward through northern Wiscon¬ 
sin, to Minnesota, to the plains provinces An extreme tullibee 
type, however, differing but slightly, occurs in New York, far cast 
of this given range (hankitisom) 

If the distribution of the morphological forms is considered on 
the basis of certain characteristics alone, as, for example, deep 
body, there is even less satisfactory regional distribution The 
forms with deepest bodies occur in the prairie provinces, but In 
New York in the midst of a belt of terete races and here and there 
between are found forms as dcop-bodiod as the most extremo ones 
known from the northwest (Number of lateral hue scales and fin 
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length seem to be associated with body depth, the deepest fish 
having generally fewest scales and longest paired fins ) Gillraker 
number seems to be reduced in deep-water lakes, except that the 
form from Seneca Lake (618 feet deep) has more than the typical 
ariedt, with which it is otherwise identical, and in Lake Nipigon 
(over 360 feet deep) the number is not reduced Ihe gillraker 
number is also reduced in forme that inhabit lakes not particularly 
deep (Anne, Oneida) Short-headedness might be considered a 
southern trait if the shortest-headed form of all were not known 
from the Upper Peninsula of Michigan It does scorn that the 
fish which are found in the northern lakes have longer fins, but 
this short-headed fish of the Upper Peninsula is also one of the 
shortest-finned forms 

Pacts of geological history do not contribute much to an under¬ 
standing of the distribution of these forms Tho region in which 
the lakes under study he was covered in largo part or in toto by 
the last ice-sheet, and it is not probable that these lakes n tamed 
any of their fish fauna during the last ice advance Of course this 
fauna may have been differentiated previous to the last ice advance 
and the population driven ahead of the ice into waters of various 
river systems, now distinct but then connected The mnt Great 
Lakes forms, unless they came in from the northwest at a late 
stage of the Great Lakes, must have been thus exiltd and un¬ 
doubtedly often in company with at least some of these hypotheti¬ 
cal pro-Wisconsin inland-lake inhabitants, and it requires elaborate 
postulation to account for the fact that these numorous closely 
related stocks maintained their identity during the adjustment of 
the water levels after the ioe retreat It is also possible that from a 
complex stock segregation of peculiarly adapted populations is 
taking place in the various localities There soem to bo few facts 
to present in this connection and there is nothing to be settled 
by speculation 

Koels, 1929, has pointed out that latitude is not so important 
a factor in the distribution of aquatic forms as of terrestrial 
ones, since conditions in lakes depend on their depth, the form 
of their basin, etc, so that two lakes side by side may be totally 
different m their physioal features, and lakes In high latitudes may 
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resemble closely, at least in many features, those in lower latitudes 
The study of the environment that different water bodies offer 
may then throw bght on the distribution of the various morpho¬ 
logical forms Such an environmental study should be made, 
however, with direct reference to the fish problem The need of 
hydrographic studies in relation to aquatic biology has been ex¬ 
pressed often, but such researches have generally been carried on 
quite without regard to any particular biological problem, and 
consequently wc often lack the data that are most needed It is 
understood, for example, that the most critical time in the life- 
history of the fish is during its early development, its somatic 
structures are moulded then and the mortality rate is highest, 
and it is, therefore, most important to know what the environ¬ 
mental conditions are during that critical period 1 Experiments 
havi shown that great aberrations can be produced in the nature 
of the embryo if the “normal n t nvironment is altered in the matter 
of temperature, chemical constitution and so on We know also 
that, after hatching, somatic structures can b< radically altered by 
the environment as well as by character and quantity of food and 
similar things An understanding of the evolution of the various 
coregomd forms must then wait on studies of environment, coupled 
with breeding and rearing experiments It is conceivable, finally, 
that the operative factors that produce these differences are so 
minute as t-o escape our present methods of analysis 

If the inclusion of all these forms within the species group 
artedi is accepted, it is iiermissibh to discuss the correlation of 
systematic characters, but here again it seems to be possible to 
make no laws In general deep-bodied forma have few lateral 
line scales Lesser Slave Lake fish are among the deepest-bodied 
races of the series and yet are only intermediate m scale number 
Long fins seem to be associated with deep-bodiedness, but the 
Oneida Lake race has the deepest body of any known race and in 

1 I should like to mention here what the geneticist who deals abundantly 
with eggs snd seeds soon realises but what has so far it seems escaped the 
fish cultunst, namely, that many lygotes lack the capacity to develop to the 
adult stage They perish either in embryonic development or in the early 
post-embryonic stages, and therefore the percentage of potential survivors 
can never be mure than a fraction of the initial supply of fertilised eggs. 
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the matter of fin length stands intermediate Dcep-bodied forms 
in general seem to be long-headed, but the Gogebic Lake rac<, 
with the shortest head of all, is intermediate in body depth Rela¬ 
tive lengths of snout and maxillary, as wt 11 as gillrakt r number, 
fluctuate without obvious relation to other body parts With high 
and low values for eight characters, L H, H/8, H M, PV, P, 
AV/V, L/D, lateral line scales and gillrakcrs, it is theoretically 
possible to have 256 forms Only 24 have Ijeen discovered and 
it is likely that many of these charact< rs are hnk( d together 


SPECIES OF < OUEGONIDAE 

Leucichthys artcdi (Le Sueur) 

The type locality is Lake Fne and Lake Ontario The type 
is not extant Of the two forms that occur in these hkts Roelz, 
1929, has restricted the name to the slender one A closely sundir 
form is found in the other Great Lakes, and in view of th< facts 
that relatively very few of typical artedi arc known from the type 
locality and that in the publication cited above the characteristics 
of these specimens arc shown to be nearly like those of 1 uke 
Michigan specimens, for which there are avadable numerous analy¬ 
ses, the Lake Michigan form is usul here as the representative of 
typical artedi 

ANAIYSIS OF TIIE SUBSPECIES Oi IsEUCItHTHYS AHIhDl 

A 1 Gillrakers on the first branchial arrh usually more than 39 and fewer 
than 46, lateral line scales nearly always more than 72, 1 D nearly 
always more than 4 1 

B 1 PV/P usually more than 1 0, I /D in fish under 200 wra usually 
more than 4 5 

C 1 L/H m fish under 216 mm usually leas than 4 3 

1 H/S loss than 4 1 grccUyi 

2 H/S 3 9-4 2 kuromcm 

C 1 L/Hin fish under 216 mm usually 4 3 or more 

3 H/8 3 8-4 1 annentn* 

B 1 PV/P usually lees than 1 6 L/D in small fish less than 4 6 

4 Eye large mrgcnlt 
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A * Gillmkers on the first branchial arch usually more than 41 ami fewer 
than 48, PV/P usually more than 1 5 and lees than 2 1, body deep 
(exoept mackayi) 

B 1 Scales usually fewer than 70, L/D lees than 3 4 

6 H/M usually over 2 9 hanktneoni 

B* Scales usually more than 70 

C‘ I/D more than 3 3 but in fish over 225 mm usually less 
than 4, in fish under 200 mm usually leas than 4 5 
D 1 H/8 usually lees than 4 l 

6 H/M usually less than 2 8, AV/V usually 1 3-1 6 burgct 

7 H/M usually more than 2 7, AV/V usually 15-17 ruswW 
D * H/S usually over 4 

8 H/M usually 2 7-3, AV/V usually 1 4-1 0 aiikamek 

C 1 L/D in small fish usually over 4 5 

9 H/8 about intermediate between EH and D* mackap t 

A 1 Gillrakers on the first branchial arch usually more than 45 
B 1 Body slender, L/D usually more than 4 

C 1 PV/P usually more than 1 8 in specimens over 200 mm long 
D * H/M usually 2 7-3, H/8 usually 3 7-4 

10 Gillrakers usually 46-51 but frequently fewer arUdt 

11 Gillrakers usually 47-51, but often more osmer\fonm« 
D 1 H/M usually 2 9-3 1, H/S usually 3 9-4 2 

12 Otherwise about is 10 clarmnn 

C* PV/P usually leas than 1 9, H/8 3 7-4, H/M 2 7-2 9 

13 Scales usually 71-76, pllraken usually 46-49 dementi 

14 Scales usually 76-86, gillrakers usually 48-52 lowet 

B 1 Body deep, L/D usually less than 4, except for titco 
C 1 Paired fins short, PV/P usually more than 1 8 

15 L/H in fish over 225 mm usually 4,3-4 7, H/8 usually 

3 8-4 albut 

16 L/H in fish over 225 mm usually 4 7-4 9, H/S usually 

3 9-4 3 tuco 

17 L/H in fish over 225 mm. usually 5-5 3, H/S usually 

4-4 2 microcephalua 

C 1 Paired fins long, PV/P usually less than 1 8 

D 1 Maxillary long, H/M usually under 2 9, fins black 

18. H/S usually 3 7-4 momtoulmut 

D 1 Maxillary shorter, H / M usually over 2 8, fins not always 
black 



Coregonid Fishes 313 

E. 1 Hcalfts usually 70 or more 

F ' Gillrakers usually over 49 

19 Utllrakers 49-64, H/M 28 3 tulhbee 

20 Qillnken (48) 62-55 (69), H/M 2 9-3 1 wagnen 

F • Gillrakora usually 47-60, H/M 3-3 2, PV/P 
usually 1 6-1 7 

2( H/E in fish over 250 mm usually more than 4 5 rrutndolac 

22 H/E in fish over 260 mm usually leas than 4 5 woodi 

F 1 Gillrakers usually much fewer than 60, PV/P 
I 1-1 5 

23 Lateral line scalp* usually 70 or more magrxut 

E 1 Scales usually fewer than 70 

24 Gillrakers usually 46-49 vnnnxptQosx* 

Leucichthys artedi greeleyi, new subspecies 

The type is a female specimen, 245 mm long, Cat no 96958 
Museum of Zoology, collected in Torch Lake, on August 6, 1923, 
Seventy paratypes were collected at about the same time from 
various situations in the lake These measure 128-292 mm , 37 
are less than 200 mm long Individuals about 150 mm long are 
usually maturing sexually One fish 128 mm long was found to 
be maturing 

Oredeyt differs from typical artedx from Lake Michigan vir¬ 
tually only in the matter of gillrakers, which in the former number 
(31)39-43(46) and in the latter (41)46-^0(55), and in the mat¬ 
ter of relative head length L/H for specimens of gretleyi under 
212 mm equals (3 7) 3 8-4 1 (4 3), over 212 mm , (4) 4 1-4 4 (4 5) 
Corresponding values for specimens of ariedi less than 225 mm and 
more are (4) 4 2-4 5 (4 6) and (4 1)4 3-4 5 (5) Pigmentation is 
in general also reduced The anal* and ventrais especially are 
more often immaculate For a comparison with other races see 
Tables I-VIII In Tables IX-XIII the various races of greeleyi 
are compared with one another 

From August 4 to 7, 1923, gill-nets of 1J-, 2J and 2J-inch 
mesh were lifted from Torch Lake Off Alden in 11 35 fathoms 
of water 11 specimens were taken on the 4th, on the 5th off 
Deepwater Point, from 8 to 21 fathoms, 30 were caught, on the 
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6th, above Lone Tree Point, in 11-16 fathoms, there were 14 fish, 
on the 7th, east of Torch Lake Village, in 10-20 fathoms, 12 fish, 
and off the YMCA Camp in 33-48 fathoms, 4 fish 

Torch I akfi 

Torch Lake lies along the west edge of Antrim t ounty, Michi¬ 
gan, and drains through Round and Elk lakes into Lake Michigan 
It is about 17 J miles long and varies m width from about f to 
2\ miles Most of the lake consists of a deep basin, the cross- 
section of which shows about the same degree of curvature as that 
of the bowl of a spoon The maximum depth that I found was 
about 400 feet off ( amp Hayo-Went-Ha The depth drops to 
275 fet toff ( lam River and to 250 northeast of Deepwater Point 
At the south end of the lake the basin constricts into a narrow 
channel that runs near the west shore to Torch River This central 
basin appears to be surrounded by terraces like those that hem 
the lake shores The first is narrow and runs to a depth of about 
12 feet The second is overlain by 45-50 feet of water and in at 
least two localities broadens into an extensive table land off Clam 
River and between Alden and Torch River bridge The transition 
to deep water is everywhere abrupt (off Deepwater Point a drop 
of 125 feet was encountered in the distance of about a rod) The 
submerged terraces are sandy and are relatively free from rocky 
stretches or even scattered boulders, and water vegetation is 
ran The bottom of the deep trough is clay, in many places 
mixed with marl 

Elk Lake 

From Elk Lake 184 specimens have been examined, ranging in 
length from 110 to 312 mm , 107 are less than 200 mm long The 
smallest specimen, ya female, is maturing and so are the next small¬ 
est fish at about 130 mm, but about a fourth of the fish under 
200 mm are sexually immature and occasionally one of the largest 
fish shows no indication of spawning in the fall These fish are 
virtually identical with the Torch Lake race, typical Leucichlhys 
a greeleyt 
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Specimens were taken as follows on Jvily 29, 1921, off Megazei 
Point in 7-18 fathoirm, 10, on July 30, ofT the west shore in 10 21 
fathoms, 71, and in 7-16 fathoms, 27, on August 3, off F lk River 
mouth m 6-17 fathoms, 14, and off the Round Jake outlet m 
20-27 fathoms, 62 Since the netting umd in each wt was of ap¬ 
proximately the same amount and kind, it seems that conditions 
are best for the form in the 16-27-fathoin depths 

I*lk Lake is located in the northwest corner of Antrim ( ounfcy, 
Michigan, very near the Taike Michigan shore The connection 
with Lake Michigan is short, but is now interrupted by a dam, 
and it is not known whether exchange of fish fauna was possible 
previous to the construction of this obstacle in 1856 Iho lake 
is an elongate body of water, about 9 miles long, rather uniform 
in its width, which vanes from 1} to about 1} miles Its area is 
given by Scott, 1921, as 13 square miles 

Except for a 15-20-foot flat about ono-hulf mile wide at, the 
south end and a narrow shelf at the north end, the bottom slopes 
abruptly, particularly on the east and west shores, to form a central 
basin of considerable width, which is overlain by depths of 150-190 
feet and extends the length of the lak< The bottom along shore 
to a depth of 5 12 feet is rocky, except along a part of the north 
shore, where there is sand only, and along part of the south short, 
where sand and clay are predominant Elsewhere the bottom is 
almost uniformly yellowish clay, mixed with marl, in the deepest 
water often covered with oojk Marl is commonest as a constituent 
of the southern flat The elevation of the water level on account 
of th< Flk River dam has submerged logs and stumps all along 
shore, but has not contributed much to the production of shore 
shoals, so favorable to the usual life of inland lakes lhe debris 
is so widely distributed that it is impossible to pull a si me c\c« pi 
in very few areas, and it appears to have si rved as a protection 
against wave action, so that accumulations of silt have smothered 
the bottom over vast stretches Vegetation is very sparse in any 
part of the lake, except for small beds of Poiamogeton in Spencer 
Bay and in the cove at Elk Lake Inn, and occasional patches of 
Chara in deeper water along the north shore 
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Lake Canandaigua 

Only three fish, two immature females 113 and 159 mrn long, 
and an adult male 111 mm long, have bn examined from Lake 
C nnandaigua They are from the New York Conservation Com¬ 
mission Collection taken in July, 1927 They answer the descrip¬ 
tion of L a greeleyt 

C anandaigua 1 is one of the Finger Lakes in New York It is 
regularly elongate, measuring 15 5 by 15 miles, with an area of 
16 3 square miles Its maximum known depth is 274 feet Drain¬ 
age is into Lake Ontario through the Seneca River 

Keuka Lake 

Fourteen adult specimens have boen examined from Keuka 
I>ako, 169-191 mm long, and ono 232 mm long These are chiefly 
from the New York Conservation Collection and most of them 
were taken in July, 1927 The race is much like typical greeleyt, 
and differs only Ui having very few more gillrakers 

Keuka Lake is another of the Finger Lakes It is roughly 
Y-shaped Dimensions are 19 6 by 2 06 miles, with an area of 
18 1 square miles Its maximum known depth is 183 feet Drain¬ 
age is into Seneca Lake 

Owasco Lake 

Three adult specimens, 127 180 mm long, have been examined 
from Owasco Lake, taken in August, 1927, by the New York 
Conservation Commission Survey The fish are too small to show 
well the significant characters for separating the races, but until 
more is known about the Owasco Lake herring the name greeleyt 
may be applied to them The race may be found to have a deeper 
body and fewer lateral lino scales than greeleyt 

Owasco Lake is a Finger Lake It is regularly elongate, measur¬ 
ing 11 1 by 1 3 miles, Math an area of 10 3 square miles Its maxi¬ 
mum known depth is 177 feet Drainage is into the Seneca 
River 

1 Figures for the Finger Lake* given in thia paper are taken from Birge 
and Juday, 1914 a 
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Lake George 

Twelve specimens have been examined from Lake George, 
taken by J R Greeley in September 9, 1929 They range in 
length from 133 to 173 mm and all are adult They agree in their 
systematic characters with typical gneleyi of comparable size, 
except that they may have somewhat fewer lateral line scales and 
the abdominal fins average darker 

Lake George is on the boundary between Warren and Washing¬ 
ton counties, New York It is about 30 miles long, in few places 
more than 2 miles wide, and has an area of 60 square miles It 
drains into Lake Champlain There are throe widely separated 
basins more than 100 feet in depth, and several others that reach 
70 feet The deepest water, 187 feet, is in the central basin 
(Needham, 1922) 

Skaneaieles Lake 

Eight specimens 145-158 mm long and one 241 mm long have 
been examined from Skancateles Lake, taken by the New York 
Conservation Commission Survey in August, 1927 The cisco of 
this lake was considered by Smith, 1896, to belong, with that of 
Seneca Lake, to his L osmenfortms The fish from the two lakes 
are very different and Smith's description is clearly not based on 
a fish of the Skaneuteles Lake typo, bo that this form may not be 
known as L osmeriformia The specimens I have seen are like 
typical L a greeleyi, of similar size, except that the body depth 
may be greater and the lateral line scales fewer, and the mandible 
ib more often included in the upper jaw The eye in proportion 
to the head seems to be somewhat smaller also 

Skancateles Lake is a Finger Lake, measuring 16 by 1 46 miles, 
with an area of 13 9 square miles Its maximum known depth is 
297 feet Drainage is through Seneca River into Lake Ontario 

Leuclchthys artedl huronicus, new subspecies 

The type specimen is a female fish, 198 mm long, collect* d 
in Rush Lake, Marquette County, Michigan, on September 2, 
1924, Cat no 96959, Museum of Zodlogy There were examined 
eighteen paratypes 138-182 mm long, and one 222 mm long, 
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taken in the summers of 1924 and 1927 from depths of 60 to 240 
foot All but one were adult Though the lake has been rather 
extensively netted, only these few fish have been collected The 
fish are very like typical grcdeyi y but have on the average a few 
more gillrakers, slightly fewer lateral Ime scales, but principally a 
shorter snout and maxillary The color is also darker, and pig¬ 
mentation is much greater, especially on the pvired fins, than is 
usual even for typical artedi 

Comparisons of several important characters of these various 
races arc given in Tables I XIII In the last five of these tables 
all the races of huronicus also ore compared with one another 

Rush Lake lies in the northwest corner of Marquette County, 
Michigan, and drams through Pine Lake into Lake Superior It 
is elongate in shape, about miles long, with a lobe coming off 
at the southwest end The maximum width is about 1 mile This 
is the deepest lake known m the region Most of it is over 60 
feet deep and a depth of 270 feet is known 

Chautauqua Lake 

I have examined two specimens, 132 and 134 mm long, taken 
from I/nke Chautauqua, May 18, 1926, from the New York 
Conservation Commission C ollection It is impossible to assign 
them positiv* ly to any subspecies, but there are indications that 
the race characters may be like those of huromtus The lateral 
Ime scales are rather few in number for this race 

Chautauqua Lake is an elongate lake in Chautauqua County, 
western New York, about 20 miles long and from \ mile to 3 miles 
wide Fvermann and Goldsborough, 1902, say the greatest depth 
is reported to be 80 feet, but that the average is no more than 
twenty 3 bough it is near the shore of Lake Erie, drainage is south 
through the Alleghi ny River 

Lake Desor 

tour fish, throe 110-118 mm long and one 101 mm long, wero 
taken in Lake Desor on September 9-10, 1929, from depths of 
5^30 feet One of the small individuals was found m the stomach 
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of a whitofish AH but the largtst arc adult These fish igree 
with the Hush Lake form in their principal characteristic a and an 
for the present grouped under huronicus 

Lake Desor lies in the western half of Isle Hoyale Jt is roughly 
ovoid, about 3 miles long with a maximum width of half the length 
The greatest known depth is 55 feet, much of the lake is at hast 
35 feet deep Drainage w through an insignificant strr am to I ake 
Superior 

Leucichthys artedi annensis, new subspecies 

The type is a female specimen, 190 mm long, Cat no 9G960, 
Museum of Zodlogy It was collected in Annt Lake, on August 
27, 1924 

from Lake Anne 40 paratypes 182 246 mm long, all adult, 
have been examined, 6 of them are over 225 inm long Most 
of the paratypes (27 fish) were taken in a set of a 2}-inch m t made 
on August 27, 1924, m a depth of from 15 to 50 feet A set on the 
day previous in the deepest watc r (78 feet) took only 3 fish The 
chief characteristic of the subspecies annensis is the low gillruker 
count, which is on the average higher than that of greeleyi and 
much lower than that of typical artedi It has also a relatively 
shorter snout than artedi, hut in other respects tins race differs 
little from it It has, further, proportionally a slightly shorter 
head and snout than greeleyi It is like huronicus , excc pt that the 
head is smaller, and like rwnielt, except th^fc the head is smaller 
and the body depth rather less For detailed comparison in 
several important characters with these and other similar race h see 
Tables I XIII and also KVIIl-XXIII 

I ake A nne 

Lake Anne lies in the northwest corner of Marquette County, 
Michigan It drains mto Mountain Lake by a very short stream 
and thence mto Pine Lake and Lake Superior It is elongate in 
form, about three quarters of a mile long and less than one quarter 
wide It is relatively deep, most of it is 18 feet or more in depth 
and a sounding of 78 feet is known 
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Bernard Lake 

Four specimens, 179-194 mm long, in the collection of the 
Ontario Game and Fisheries Department, taken at Sundndge, 
Ontario, on August 27, 1929, have few gillrokers and a relatively 
short head and are, therefore, more like anneneis than mackayx, 
the commonest form of the area 

Bernard I>ake is in Strong Township, Parry Sound County It 
is a regularly elongate body of water with dimensions of about 
6 by 2 miles 

Leucichthys artedi sargenti, new subspecies 

The typo is a female specimen, 124 mm long, Cat no 96961, 
Museum of ZoOlogy, takon in Sargent Lake on Septembor 19, 
1929 Eight other specimens, taken from Sargent Lake at about 
the same time, range in size from 56 to 125 mm Two that 
measure 56 and 60 mm are immature, but the rest, 82 mm long 
and larger, are adult All were caught in depths of 15-33 feet 
The race is apparently much dwarfed 

It is characterized by relatively few gillrakers, though the 
average number would probably be slightly higher in larger fish, 
since in such small fish the shortest gillrakers on the ends of the 
arches are probably not sufficiently developed to be visible Pig¬ 
ment is present on all the abdominal fins Compared with other 
races having few gillrakers, it is distinguished from all of them by 
certain characters It has longer paired fins, a shorter snout and 
fewer lateral lino scales than rueseh or greelcyi It has a deeper 
body, fewer lateral line scales and longer paired fins than hurom - 
cue, it is distinguished from annenexe in the same way and has in 
addition a longer head, it differs further from greeleyi in having a 
shorter Bnout (not head) From ahkamek it differs principally in 
having fewer gillrakers, and possibly longer paired fins 

For details of comparison betwoen these various forms, see 
Tables I-XIII 

Sargent Lake 

Sargent Lake is an irregular body of water about 2} miles long, 
with a maximum width of about J mile It lies in the northeastern 



Coregomd Fishes 321 

part of IbIo Royalo and drains through a feeble stream into Lake 
Superior The maximum known depth is 45 feet, much of it is 
over 25 feet deep 

Lake Richie 

Three specimens have been seen from Lake Richie They 
measure 42, 90 and 95 mm in length All but the first are adult 
The two smaller fish were taken from stomachs of pike and hence 
show no characters other than gillraker number, but the other 
fish, which was seined on shore on August 18, 1929, is a good 
specimen The race is probably like that of Sargent Lake 

Lake Richie ib an irregular lake lying m the eastern half of 
Isle Royale It is about 2 miles long, but because of a large island 
in the center of its broadest basin the uninterrupted width is not 
over i mile The maximum depth is 39 feet Much of the lake 
has at least 25 feet of water 

Siskowii Lake 

August 21,1929,32 specimens of Leucichthys were found on the 
beach off the outlet of Intermediate Lake On August 24 one was 
found floating in the small southeastern arm These fish are all 
very small, most of them measuring 40-50 mm The largest indi¬ 
vidual is 59 mm long and is a female with well-developed ovaries, 
but with no maturing ova 

No specimens of this form were taken in the gillnets set in 
depths of 50-117 feet, nor in the lj-mch net floated on the surface 
over 60 feet of water on August 24, nor were any seined on the 
beaches after dark Specimens of Leucichihys bartlelix were col¬ 
lected in the deep-water sets, both in the netting and in the stom¬ 
achs of predatory fish 

On acoount of their being so very small, it is impossible to 
determine positively the identity of these specimens They un¬ 
doubtedly belong to the artedi group and may for the present bo 
classed with sargentx Two specimens were counted for lateral 
lino scales and were found to have 68 and 69 Gillrakore number 
14 + 28, 14 + 26, 14 + 27, — + 26, — + 26 The fins are long, 
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the body rather dot p, and the mandible usually more or lees pro¬ 
truding 

Siskowit Lakt s is the largest lake on Isle Royale Its greatest 
length is about 7 miles, an estimate that includes a long narrow 
bay at the west end, its width is about 1 to 1J miles On the south¬ 
east, by means of a narrow channel (35 ft wide), is joined another 
lake, roughly trilobate in form, J mile long and $ mile wide In the 
shore-line of the lake there arc numerous irregularities that form 
rents, large and Braall, principally at the east and west ends, but 
conditions in most of them arc not much different from those of 
the main lake There an three large islands (1~J mile long) in 
the (astern half of the lake, one near the center (Ryan), the other 
two off the south shore In addition, there are about a dozen 
smaller ones, Borne consisting merely of rocks or groups of rocks 
Ihe lake discharges into Lake Superior through a small, short 
streum that rises near the center of the south shore There are 
sevtral falls in this stream that probably hinder the ascent of 
fish from the Great Laki The strain was discharging when 
visited 

The vast body of the lake up to the island chain that runs 
southwest from Ryan Island is over 100 feet deep Hu 25 foot 
contour in most places along the land-bounded sides of this basin 
runs within 50-100 feet of shore, except that in a few places, 
chiefly off the north shore, there are narrow flats of shoal water 
The largest of those extends off the north-central inlet where a 
0-foot shelf runs for over 300 feet Ihcre is a rather extensive 
plain of about 45 feet to the west of this shoal Elsewhere the 
100-foot contour runs near shore 

Ihe long island chain forms along the bottom a ridge that 
divides the lake into two main basins This ndge is broken, so 
far as is known, only between the northeast peninsula and the 
rock group to the west A depth of 68 feet is recorded in the center 
here (this depth is about equal to that of the floor of the trough 

* A rather complete description of Ij&ke Suikowit is given because of the 
peculiar ooregomd fauna it contains Similar hydrographic data arc available 
for the other Isle Royale lakes (Richio, Desor and Sargent) hut they are not 
given here Descriptions of theee lakes will appear at a future date in my 
report on the ichthyology of the island 
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along the north short, but above the level of the plain to the south) 
with 36-38 feet on cither side 

Not much is known about the l>otfcom in deep water In most 
of the deep sets the bottom material brought up on the anchor 
stones was fine soft brownish mud common in the basins of the 
other lakes The set 400 feet west of Teakettle Island brought up 
a light pinkish-brown clay Along shore thi bottom is much as 
in other lakes where the character of the shore is tin same, except 
that there are less silt and organic oor< over the bottom and the 
rock fragments have been worn smooth this is due, of course, 
to the greater opportunity for waveH to act on the shores The 
usual fallen logs are found along shore In the south lake the 
shores are naturally not so free of silt 


Leucichthys artedi hankinsoni, new subspecies 

The type is a male specimen, 225 mm long, ( at no 52775, 
Museum of Zoology, collected by Professor T L Hankinson in 
Oneida Lake There arc also 9 paratypes 211 258 mm long and 
one 154 mm long All but the last arc adult These fish ire very 
different from typical ariedi and are to be confused only with deep- 
bodied races They differ from the various races of these, how¬ 
ever, in having either fewer gillrakers and lateral lino scales, shorter 
pectorals, maxillary and snout, or greater body depth The ab¬ 
dominal fins jn adults are usually rather heavily pigmented, but 
not black The mandible is as in typical artedi ihc principal 
systematic characters capable of numerical expression are com¬ 
pared for these and related forms in Tables I—VIII and XIV-WII 


Oneida Lake 

Oneida Lake is 11 miles north of S> racusc, New \ ork Accord¬ 
ing to Adams and Hankinson, 1929, it is 21 miles long, with a maxi¬ 
mum width of about 5§ miles and an ana of 80 square milts, or 
51,200 acres Its maximum known depth is 55 feet, ovorH square 
miles of area are covered by 12 feet of water or less It drains 
through the Oneida and Oswego rivers into Lake Ontario 
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Leucichthye artedi birgei (Wagner) 

This form was described by Wagner m 1911 The type 1 b a 
specimen 285 mm long, Cat no 87354, U S National Museum, 
taken in Green Lake on August 3,1909 The 36 cotypes of Wagner 
have been reexamined to make their data strictly comparable with 
those for other fish These are now preserved in the Museum of 
Zoblogy 

Birgei differs from typical L artedi in having proportionally a 
somewhat longer head, snout, maxillary and paired fins, a deeper 
body, smaller eyes, and fewor gillrakers and lateral line scales 
Birgei more often has the mandible shorter than the upper jaw, 
pigmentation on the abdominal fins is less than in typical artedi 
The ventralfl are usually nearly unmaculate It is much like L 
a greeleyi , another deep-water lake variety m the matter of long 
snout and head, but this form has still fewer gillrakers and a 
much shorter maxillary, and the number of lateral line scales and 
the mandible are as in typical artedi It may be distinguished 
from any other subspecies of artedi by the long snout and maxillary 
For comparison with other subspecies see Tables I-VIII 

The relationship of birgei with deep-water types of the Great 
Lakes has been considered by Wagner, but it approaches closely 
no known form of these These are known to be variable, but 
they have not yet been found to be so widely distributed as L 
artedi and hence there are relatively few known variants 

Oreen Lake 

Green Lake is in Green Lake County, Wisconsin It is elon¬ 
gate, with maximum dimensions of 7 4 and 2 miles and an area 
of 11 47 square miles It is by far the deepest of the explored 
Wisconsin lakes About half the basin's area is covered by 100 or 
more feet of water and a depth of 237 feet is known The outlet 
through the Fox River into Lake Michigan is now dammed 

Leuchichthys artedi russet !, 4 new subspecies 
The type is a female specimen, 217 mm long, collected in Pine 
Lake, on August 24, 1924, Cat no 96962, Museum of Zoblogy 
* Named la honor of Mr John R Russel 
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From Pine Lake 105 other specimens, paratypes, 127-349 mm 
long, have been examined, taken during the summers of 1924 and 
1927, chiefly from depths of 75 to 100 feet, 52 are under 200 mm 
long Specimens under 100 mm are usually immature They are 
much like typical clemensi except that they hav< fewer gillrakers 
(the range of variation is the same, but the average is different), 
the body depth is somewhat greater, and the lateral line scales 
are more numerous from grerleyi, rus^eh differs principally m 
having a deeper body, a somewhat shorter snout, more gillrakers 
and slightly fewer lateral line scales From kuromeus it is distm 
guishable by the longer snout, more numerous gillrakers, great* r 
body depth and reduced pigmentation Purthermori, it is differ¬ 
entiated from annensis, the remaining closely similar subspecies, 
by having a larger head It is corapan d m detail with this and 
several other related types in a number of characters in lablcs 
I-XIII and XVIII-XX11I lhe races of russeli are compared 
with orn another in Tables IX-XIIT 

Pine I alee 

Pine Lake is in the northwest comer of Marquette County, 
Michigan It drains by a short Rtream into Lake Superior The 
lake is tripartite and over all is about 2$ miles long lhe western¬ 
most part Is the largest and by far the deepest It is roundish, 
with a diameter of a mile Most of its area is over 70 fee t deep and 
several soundings of 120 feet are known The middle part is not 
known to be over 24 feet deep 

Twdve-Mtie Lake 

Eight adult specimens, 142-178 mm long, have been examined 
from Twelve-Mile I ake They appear to be like typical rusach, 
but the number of lateral line scales may be found to average low 
and the paired fins a httle long The fish do not average as deep¬ 
bodied as russeh 

This lake, according to the data of the University of Toronto 
t ollertion, to which the specimens belong, is in Hahburton County, 
Ontario 
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Lake Simcoe 

Thirty-two specimens, 142-270 mm long, from the collections 
of the University of Toronto and the Ontario Game and Fisheries 
Department, have been examined from Lake Simcoe Individuals 
under 160 mm are immature They are very like typical rusaeh 
except that the race appears to have on the average fewer gillrakers 
and the mandible more often tends to be projecting 

Lake Simcoe in the Province of Ontario is about 30 miles long 
and 18 miles wide, with an area of 280 square miles The southern 
half has a mean depth of about 50 feet, but greater depths are 
known Kempenfddt Bay is said to be over 150 feet deep It 
drains through Lake Couchiching and River Bev? rn into Georgian 
Bay (Rawson, 1928) 

Leucichthya artedl atikamek, new subspecies 

The type is a female specimen, 241 mm long, Cat no 96963, 
Museum of Zoology, taken in Whitefish Lake Seven paratypes 
from Whitefish Lake, collected by Professor John Lowe on July 9, 
1926, have been examined Four measure 163-170 mm and 3 
measure 243-249 mm All appear to be immature These fish 
differ from other known races of L artedi They have fewer gill- 
rakers and lati ral line scales, longer paired fins, a shorter snout and 
maxillary and greater body depth than specimens of typical artedi 
from Iiake Michigan The race is different from clemenei in having 
somewhat fewer gillrakers and probably shorter paired fins It is 
very close to tullibe*, except that it has many fewer gillrakers and 
probably shorter paired fins Wtnmpego&is is further differentiated 
by having fewer lateral line scales, a deeper body, larger head and 
eyes From darensin it is distinguished principally by having fewer 
gillrakers and lateral line scales, longer paired fins, smaller eyes and 
greater body depth Lateral line scales and gillrakers are also 
fewer Hankirusoni is deeper-bodied, has fewer lateral line scales, 
and shorter snout and maxillary Albus has shorter paired fins, 
a longer snout and shorter head Russell has a few more lateral 
line scales, shorter pectorals and a much longer snout Body depth 
is also less In Tables I-XIII atikamek is compared with the 
various related subspecies in certain characters 
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Whitefish Lake 

Whitefish Lake lies just south of Manistique Lake in Mackinac 
County, Michigan It is irregularly dongate, with a maximum 
length of about 4$ miles and an an a of 0^ square miles Professor 
Lowe states that the deepest water is 23 feet 

Crawling Stone Lake 

Five specimens 151 178 mm long and four 251-306 mm long 
have been examined from ( rawlmg Stone Lake, taken by the 
Wisconsin Natural History Survey on Septemlier 2, 1909 All 
but the smallest are adult The race app* urn to be vi ry < lose to 
typical atikamek The abdominal fins average paler than in that 
form 

C rawhng Stone I ake is in \ lias ( ounty, Wisconsin Its form 
is irregularly elongate, with maximum dimensions of 2 4 and 1 65 
miles and an area of 2 5 squari rmlcs, or 1600 acres Its gruitest 
known depth is 93 feet It is part of tht Cluppewa River system 

Leucichthys artedi mackayi, new subspecies 

The type is a female sp<ciraen 183 mm long, Cat no 9G0G1, 
Museum of Zoology, collected on August 10, 1929, in Stony 1 ak< 
by the Ontario Game and Fisheries Department Lighteen para- 
types, taken at the same time, measure 14} 199 mm All arc 
adult 

This subspecies is characterized chiefly by the reduced numlx r 
of giilrukera on the first branchial arch and by the rather greater 
pigmentation of the abdominal fins Though not oft< n black, 
these members are usually conspicuously pigmented It differs 
from russeh , which has about the same number of gillrakers, in 
having a proportionally shorter snout and possibly vt ntrais The 
body depth is also loss From rlarensis it differs in having fewer 
lateral line scales, a longer maxillary, more pigment and possibly 
longer paired fins 

It differs from huromeu* and annentns principally in having 
more gillrakers, from artedi in having fewer gillrakers and lateral 
line scales, and a longer head and paired fins For a comparison 
with the various related subsptcies sec Tables I—VIII All races 
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of maekayt are compared in certain important characters with 
typical rttsselt, annerms and clarenste m Tables XVTII-XXV 

Stony Lake 

Stony Lake is in Peterborough County, Ontario I know noth¬ 
ing about any of the lakes in this section and the data labels ac¬ 
companying tho specimons have been copied merely for recording 
the localities 

Ptgeon Lake 

Twenty-nine specimens from the collection of the Ontario 
Game and Hsheries Department, collected on August 13, 1929, 
have been examined from this lake They measure 145-200 mm 
and are mature The lateral line scales average a little higher than 
in maekayt and the gillrakcrs scorn to be more numerous 

Pigeon Lake, according to the specimen label, is in Peter¬ 
borough and Victoria counties, Ontano 

Gramte Lake 

Light adult specimens, 120-165 mm long, from the collection 
of the Ontano Game and Fishones Department, have been seen 
from Gramte Lake They appear to be very like typical maekayt r 
except that the lateral lino scales seem fewer, as in clemenst 
Granite Lake is in Kcnora District, Ontano 

Cameron Lake 

Seventeen specimens, virtually all adult, 126-156 mm , taken 
on August 21, 1929, have been examined from the collection of the 
Ontano Game and Fisheries Department They are very close 
to typical maekayt, except that in the matter of scale number and 
paired fins they arc like clareneis 

Cameron Lake is in Victoria County, Ontano Trent Valley 
Canal system 

Stiver Lake 

Four adult specimens, 134-164 mm , taken on November 5, 
1927, by the Ontano Game and Fisheries Department may be 
called maekayt 

Silver Lake is m Lanark County, Ontario 
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Sturgeon Lake 

Eleven adult fish, 139-175 mm long, taken on August 15,1929, 
off McConnell’s Island, have been examined from the collection of 
the Ontario Game and Fisheries Department They agree in their 
principal characters with typical mackayt , except that they have 
numerous lateral lino scales like clarensia 

Sturgeon Lake is in Victoria County, Ontario 

Upper Stony Lake 

Fight adult specimens, 120 152 mm long, taken on June 27, 
1929, have been examined from the collection of the Ontario Game 
and Fisheries Department They are like typical mackayt , but 
the females show much larger ova than would be found in any 
fall-spawning fish 

The lake is in Peterborough County, Ontario 
Garrison Lake 

An adult female, 252 mm long, taken on August 14, 1929, has 
boon seen from the collection of the Ontario Game and hishenes 
Department It might be called mackayi f except that it has a very 
short maxillary 

The lake is in Arden Township, I rontenac County, Ontario 
Kah-Ske Lake 

Two specimens, 174 and 180 mm long, tak^n on August 6,1929, 
have been examined from the collection of the Ontario Game and 
Fisheries Department They ma> be called mackayt 

Kah-She Lake is in Morrison Township, Muskoka County, 
Ontario 

Big Clam Ijake 

Throe fish, 183-195 mm long, taken on September 4, 1929, 
have been examined from tho collection of the Ontario Game and 
Hshenes Department They have a detper body and shorter 
snout and maxillary than typical mackayi y but are hko them in 
other respects In tho matter of snout and maxillary they arc 
like clarensts 
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Big Clam Lake is in Bcthune Township, Parry Sound County, 
Ontario It is irregularly elongate, a little over 11 mileB long 

Sturgeon Lake 

fight adult specimens, 134-183 mm long, in the collection of 
the Ontario Game and Fisheries Department, taken on August 14, 
1929, are most hk< mackayt , though they approach darenai* m 
tlu matter of lateral line scales 

The lake is in Peterborough County, Ontano 

Mill Jjahe 

Two specimens, 118 and 177 mm long, in the collection of the 
Ontano Game and Fisheries Department, taken on August 14, 
1929, may be called mockayi 

Tlu lake is in McDougal Township, Muekoka County, Ontario 
Balsam iMke 

Four adult fish, 150-158 mm long, taken on August 24, 1929, 
have been examined from the collection of the Ontario Game and 
Fishenes Department They may be called mockayi, or possibly 
annentns 

Balsam Lake is in Victoria County, Ontano 

Leucichtkys artedi arledi (Le Sueur) 

The typical form occurs in all the Great Lakes and in the inland 
lakes enumerated in the succeeding paragraphs Compansons 
with the vanous related subspecies are given in lables I—VIII 
For frequency ratio of the number of gillrakers on the first 
branchial arch and of lateral line scales for the various racos of 
L a arledt, seo Tables WVI-XXVII 

Pine Lake 

There are 32 specimens from Pine Lake, ranging m length from 
203 to 314 mm All are mature There are no differences between 
these fish and those from Lake Michigan, m fact, it is possible 
that they art only visitors from the Great Lake (Specimens of 
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Leunehlhya hoyi were found in the lake and these are believed to 
be immigrants) Between August 9 and 12, 1923, the sets of 
commercial nets a mile long in the lake, and the experimental nc ts, 
all of suitable mesh, took only these few specimens, and it may bo 
that the species leaves the lake in Bummer One must, however, 
be very careful in arriving at conclusions on the abundance of fish 
from the use of gill-mts, for it is well known to fishermen that 
such apparatus is ineffective under certain conditions 

Pine Lake lies in Charlevoix ( ounty, Michigan, and is inti¬ 
mately connected with Lake Michigan by a short, dc< p, navigable 
channel Tho main body of the Iak( ih about 13 miles long, varying 
in width from 1 to 3 miles The “short arm/' a narrow body 8$ 
miles long with a maximum width of a mile, joins the south shore 
about two tlurds of the distance to the outlet 1 he lake is generally 
deep The published chart shows a maximum depth of 120 feet 
for the main lake and of 50 feet for the “south arm ” Most of the 
main lake is over 60 feet deep and the shore shelf is very narrow 
In deep water tho bottom was found to be clay mixed with marl 

Walloon Lake 

fifteen specimens have been examined, ranging in length from 
180 to 209 mm , all of them apparently sexually mature ( orn- 
pared with BinaU specimens of typical artedi in respect to the usual 
characters, it apjiears that the two forms are much alike, except 
that the body dipth in proportion to its length is apparently a 
tnfli greater in the Walloon Lake fish The snout and maxillary 
in relation to the hi ad length are slightly shorter, thus approach¬ 
ing cfamwis 

Walloon Lake is located in north-central C harlevoix (. ounty 
It has a length of over 9 miles, a maximum width of about 1} 
miles, and an area of about 8i square miles It drams into Lake 
Michigan From August 12 to 15,192*3, Dr John VanOo^ten and 
I explored the lake between Eagle Island and its outlet to de¬ 
termine its fish fauna 

The lake lies in two distinct trouglis of about the same maxi¬ 
mum depth, the one forming the main lake and the othir, which 
crosses the main trough, the “north arm*' and the deep bay at 
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the lower end In the center of this bay is a rather extensive basin 
with a depth of 60-80 feet Another large basin equally deep 
extends from the cove at Wildwood Harbor to near Eagle Island 
A long flat lying under about 12 feet of water separatee the two 
holes and extends around them, becoming broadest below Faglc 
Island and off the village of Walloon The transition from this 
flat to deep water is rather abrupt 1 he flats arc marly and are 
carpeted rather sparsely over most of their extent with Chara 
There arc here and there dense patches of Chara at depths of 20-25 
feet, but the plant disappears beyond 30 feet A few patches of 
Potamogeion, each a few square rods in area, occur in this region 
}} ew small fish were seen along the shores and few were seined 
Sets of 1J-, 2J- and 2J-mch linen 60-2 cord gill-nets hkowise col¬ 
lected very few fish The nets took the usual species common to 
the shallow lakes, and, m addition, the lake-herring was found in 
both basins inside the 40 foot contour 

In the northern basin off Wildwood Harbor a I^-inch net set 
on August 13 and lifted on the next day from 66 to 70 feet took 2 
herring gilled and 75 small perch A 2J- and 1 j-inch net set from 
36 to 72 feet took nothing 

From the deep hole of the lower basin three sets took herring 
A 2j-inch mt set on August 13, in 66 to 72 feet on very .soft Wack 
mud and lifted oh the next day, took 2 hemug onsnarled in its 
meshes A 1 J-inch net at the same depth took 8 herring gilled 
A 2J-inch net set August 14 and liffcd the next day from 66 to 
72 feet took nothing, a l^-inch net from the same depth gilled a 
herring and a perch The bottom was very soft and black and 
numerous decaying leaves came up in the nets A 2J-inch net set 
off the shore from 12 to 54 feet took 2 herring enanarled at 40 feet 
from 40 to 54 feet the net took only one sucker 

In nets lifted from 6 to 12 foot off Walloon Village on August 13 
only shore-loving species were caught 

I he hernng were not found, therefore, in water shallower than 
40 feet, though nets that could gill them were set shallower, but 
they were taken in 70 feet, the deepest water known in the lake 
No natives of the area wore found to be aware even of the occur¬ 
rence of this species in the lake, and nothing else is therefore known 
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about its abundance, distribution, spawning season, and so on 
The specimens collected would not spawn before fall and the 
spawning season is, then, probably late in the year, as for the 
same subspecies of L artedi elsewhere 

Hubbard Lake 

There are preserved in the Museum of Zoology 25 small speci¬ 
mens, 147-171 mm long, all sexually mature, and two others, 85 
and 143 mm long, that are sexually immature The fish were 
collected on August 25, 1925, and lobruary 3, 1926 Compared 
with small specimens of typical artedi from Lake Michigan, Hub¬ 
bard Lake fish differ moat in having slightly fewer gillrakere The 
snout is also a trifle shorter, thus approaching macknyi In the 
matter of L/H, PV/P, AB/V and scale number, thi fish arc like 
ariedi 

Hubbard Lake lies in the north-central part of Alcona County, 
Michigan It is about 7 miles long with a maximum width of 
about 3 miles Its area is nearly 13} square miles It drains 
through Thunder Bay River into Lake Huron The outlet is now 
dammed Dr Jan Metzelaar reported a maximum depth of 72 feet 

Higgins Lake 

Twenty-Bix specimens have been examined from Higgins Lako, 
taken m January and August, 1926, 12 of them, 131-138 mm 
long, are sexually immature, the others, 151 257 mm long, are 
mature When they are compared with typical artedi from Lake 
Michigan, there is a close agreement in the systematic characters, 
except that the Higgins Lake fish have somewhat shorter pain d 
fins and rather more numerous lateral lino scales The only race 
with more numerous lateral line scales than typical artedi is the 
Lako Superior one, which Jordan and Lvcrmann, 1911, called 
arcturus 

Higgins Lake is in the northwest corner of Roscommon (bounty, 
Michigan, extending a trifle into Crawford County It is about 7 
miles long over all and consists of two ovoid lakes broadly joined, 
lying nearly at nght angles The northern one is largest, measuring 
31 by 4} miles and the other 3} by nearly 2 miles The area is 
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about 15$ square miles According to Scott, 1921, the lake is 
spring-fed with very clear water and its maximum depth is re¬ 
ported to be 125 feet It is at the headwaters of the Muskegon 
River, which empties into Lake Michigan 

Crystal Lake 

l*rom ( rystal Lake 21 specimens, IS 1-336 mm long, have 
been examined All were maturing sexually When they are com¬ 
pared with typical artedi from Dike Michigan, it seems that the 
gillrakers and possibly lateral line scales tend to be slightly fewer 
in thi C rystal I>akt fish and the head a tnfle larger In other 
respects they do not differ 

C rystal Lake is situated in the western part of Benzie County, 
Michigan It is about 8 miles long and about 2 miles wide, except 
on the low< r lobe, where the width ls about 1$ miles The area 
is gmn by Scott as about 16 square miles The same writer states 
that the maximum depth is said to lie as great as 200 feet 

Beaver Lake 

Two specimens, an immature female 168 mm long and a 
mature male 193 mm long, have been scon from Beaver Lake 
Iheir characteristics seem to be those of typical artedi from Lake 
Michigan, but further analysis may show the race to differ from 
the typical one 

Beaver Lake is located in Alpena C ounty, Michigan, and drains 
through a series of streams into Thunder Bav of l^akt Huron It 
is roughly elliptical in outline, about 2 miles loug, with a maximum 
width of about f mile According to Dr C L Hubbs, who cap¬ 
tured th« two herring, the maximum depth is at least 65 feet 

Ntehoh Lafcc 

There are 16 preserved specimens from Nichols I ake, ranging 
in length from 271 to 320 mm , taken on November 16, 1926 A 
comparison with typical L artedi (specimens over 270 mm long) 
of those characters that can be numerically express d shows that 
the characters of the two forms are much alike, except that the 
Nichols Lake fish seem to have slightly more lateral line scales 
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and to be deeper-bodied Of 30 Lake Michigan huh ovi r 270 mm 
in length thi L ( D value of half falls within the range given above 
for the Nichols Lake fish and probably a comparison of more, and 
less carefully selected, specimens from both bodies of water would 
show a still closer agree ment in this character hi tween the two 
forms It is, therefore, classed as typical form arledi 

Nichols Lake lies m the northwest corner of Ncwago C mint>, 
Michigan It is roughly trt foil-shaped, about three quarters of a 
mile from the tip of one lobe to that of the other It has no outlet 
and is spnng-fed T H Langlois n ports a maximum depth of 
57 feet 

Portage Lake 

There are 34 specimens from Portagt Lake Four of them range 
in length from 164 to 170 mm , the rest, from 255 to 135 mm 
Specinn ns in the first group are sexually immatun , all thos< in 
the second group are mature When they arc compared with 
specimens of similar size from I^ake Michigan, it appears that the 
Portage Lake fish have slightly longer paired fins, especially pec¬ 
torals, and much greater body depth In the latter character they 
are about intermediate between albus and the largest artedt from 
Lake Michigan (the body depth increases relatively with size) 

The form might perhaps be best grouped with town, since, 
like this, it seems to represent an approach toward the tulhbcc 

typ< 

Portage Lake lit s on the boundary of Washtt nuw and Living¬ 
ston counties, Michigan It is roughly trilobate, with the central 
lobe the largest Over all, the length is less than 2 miles 11k 
southern lobe is the largest and the widest, being over a mile 
wide Its maximum depth is reported by Dr 0 L Hubbs to lie 
about 80 feet The drainage is into Lake Lne through the Huron 
River 

Wolf Lake 

The single fish from Wolf Lake is a mature male 126 mm long 
taken by Dr Metzclaar on November 11, 1927, in 18-30 feet of 
water It seems to be like typical artedi in its characters 
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Wolf Lake Is near the east border of Van Buren County, 
Almena Township, at the head of the Pawpaw Kivor, a tributary 
of the St Joseph A depth of 30 feet is recorded by Dr Metxelaar 
The lake is a small roughly heart-shaped body of water, with a 
maximum dimension of about 1,000 feet 

Coldwater Lake 

The single examined fish from Coldwater Lake may be called 
artedi (L/H -4 3) It is an adult male, 275 mm long, taken on 
May 27, 1927, in 60-87 feet of water by T H Langlois 

Coldwater Lake is in the southern part of Branch County, 
Michigan It is roughly deltoid in shape, 3 miles long and about 
miles wide at the widest part It drains through a network 
of streams of the St Joseph River system into Lake Michigan 
Mr Langlois reports a maximum depth of 87 feet 

Sandy Bottom Lake 

A single specimen, aD adult male 280 mm long, taken May 2, 
1927, has been seen from Sandy Bottom Lake This fish may be 
taken for typical artedi, though the pectoral is rather long (PV/P - 
1 6, L/H — 4 2) The specimen would fit the description of lower 
Sandy Bottom Lake is in Green Oak Township, Livingston 
County, Michigan It drains through the Huron Raver into Lake 
Erie It is roundish and about one third of a mile in diameter 
l)r Metselaar’s reports give a maximum depth of 40 feet 

Blind Lake 

A single specimen, an adult female 177 mm long, was found 
doad on the shore on November 5, 1923 The values found for 
the various systematic characters of this fish fall within the range 
of those for typical artedi 

Blind Lake lies in Lyndon Township in the northwest corner 
of Washtenaw County, Michigan It is a lobe of a larger water 
system that includes Brewen and Half Moon lakes, which are a 
part of the Huron River The lobe has a maximum dimension of 
about 2000 feet There are no data at hand on the depth of this 
lake 
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Elkhart Lqke 

From Elkhart Lake 13 adult specimens 161-188 mm long 
have been examined, taken by the Wisconsin Natural History 
Survey on August 18, 1909, in 12-13 m of water These seem to 
be so close in their characters to small spccunens of tvpical artedi 
from Lake Michigan that the name artedi may be applied to them 

Llkhart Lake is in Sheboygan County, Wisconsin It has 
the amoeboid shape so common to many of the Wisconsin lakes 
Maximum dimensions 8 are given as 1 1 and 0 79 miles and the 
area as 0 47 square mile The lake is generally deep, about 
half its area is covered by 35 or more feet of water Its maximum 
known depth is 113 2 feet 

Drainage is though the Sheboygan River into Lake Michigan 
The outlet is now obstructed 

Lac La Belle 

An adult female, 142 ram long, taken on August 16, 1911 by 
the Wisconsin Natural History Survey is the only cisco that has 
been seen from Lac La Belle It fits the description of typical 
artedi, but the race may be found to belong to one of the forms 
similar to the typical one 

Lac La Belle is in Waukesha County, Wisconsin It is part 
of the Oconomowoc River system It is irregularly elongate, with 
maximum dimensions of 2 7 and 1 12 miles and an area of 1 77 
square miles The lake is relatively shallow, only about a quarter 
of its area being over 15 feet deep and only about 12 per cent 35 
feet deep Its maximum known depth is 46 6 feet 

Little Trout Lake 

Little Trout Lake specimens number three and measure 153, 
170 and 220 mm All are apparently adult They may pass as 
typical artedi 

Little Trout Lake is in Vilas County, Wisconsin It is roughly 
ovoid, with maximum dimensions of 1 75 and 1 25 miles and an 

1 Figures for Wisootmn takes given in this paper unless otherwise indicated 
are taken from Birge and Juday, 1914 



338 


Walter Koelz 


area of 1 5 square miles or 960 acres The greatest known depth 
is 91 8 feet It belongs to the Chippewa River System 

Mamtowik Lake 

M II Irautman picked up two small fish on the beach of 
Mamtowik lake on August 17, 1928 One of them, 116 mm 
long, is like mamtouhnu* and the other, 96 mm long, is like typical 
artedi, except that it is like the mamtoultnus form in respect to its 
abundant pigmentation The lake is a very large one and there 
may well l>o two races of L artedi in it Typical manitouhnus 
occurs, so far as is known, in only one of thi bays of Lake Huron, 
and specimens like the one in qut^tion, as well as more strongly 
marktd mtergrades, arc found in the vicinity It is remarkable 
that the 96-mrn specimen is apparently an adult male The oth< r 
is immature 

Mamtowik T ake is an elongate body of water in the District of 
Algoina about 12 miles long and about 1} miles wide at the widest, 
draining through the Michipicoteu River into Luke Suptnor 

OUhco lAike 

iwo adult specimens, 244 and 252 mm long, taken by the 
New York ( onservation Commission Survey, have Ijeen examined 
from Lake Otisco They could lie matched in any school of typi¬ 
cal artedi ( iscoch are said to have been absent from the lake 
originally 

Lake Otisco is one of the group of finger Lakes, about II 
miles southwest of Syracuse, New York, and just east of Lake 
Skancateh s It is narrowly elongate, measuring 5 4 by 0 76 miles, 
with an area of 2 9 square miles, maximum depth, 66 feet Drain¬ 
age is through the Seneca River into Lak< Ontario 

Cayuga Lake 

Two immature fish, 170 and 178 mm long, taken September 10, 
1927, by the New York (Conservation Commission Survey, are the 
only representatives of Leuctchthys artedt that have been seen from 
Cayuga Lake They may be considered typical artedt 

C ayuga Lake is the longest of the finger Lakes in New York 
State It is like the rest, a blocked valley, measuring 38 1 miles 
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long by 3 5 miles wide find has an area of 60 4 square mik s Its 
greatest known depth is 435 feet Dramagi is through the Seneca 
River into Lake Ontario 

Lake Champlain 

There are 6 adult specimens from Lake ( hamplain, 199-266 
mm in length The few data indicate that the Lake C hamplain 
fish are very like typical artedt from Lake Michigan, but they sug¬ 
gest that more material may show that the population is slightly 
different from these It may be found in particular that the Chain- 
plain form has slightly fiwer gillrakers and lateral line scales and 
slightly longer paired fins It thus approaches math ayi 

Lake Champlain on the New York-Virmont boundary is also 
a flooded river valliy, 125 milts long and 15 miles wide at the 
widest, with an area of 595 square miles The greatest depth is 
600 feet It drams through Richelieu River to the St Lnwrenre 
(Murray, 1910) 

Leucichlhys artedi osmcriforrms (Smith) 

Leucichthys osmerifonnis Smith was described from Seneca and 
Skaneateles lakes, but the description, m its critical details at least, 
was based on a specimen like thow from Seneca Lake A very 
different sort of fish occurs in Skaneateles Lake The type is a 
specimen bearing Cat no 32162, U 8 National Museum I have 
examined from the New York C onservatmn Commission f ollection 
12 other specimens from Seneca Lake, all adult, measuring 212- 
343 mm 

The Seneca Lake fish appear to diffi r slightly from typical 
L artedi in respect to relative size of maxillary and number of 
giUrakcrs on the first branchial arch It is compared in these char¬ 
acters with typical artedx and other subspecies in 1 ables I—VIII 

Seneca Lake 

Seneca Lake is one of the Finger Lakes in New York State 
It is 35 1 mika long by 3 25 miles wide at the widest and has fin 
area of 67 7 square miles The maximum known depth is 618 feet 
Drainage is though the Seneca River into Lake Ontario 
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Leucichthys Artedi clarensis, new subspecies 

The type Is a male specimen, 178 mm long, Cat no 90965, 
Museum of Zoology, collected in Clear Lake by the Wisconsin 
Natural History Survey on August 28,1909 Forty-five paratypes 
have been examined, taken in summer by the Wisconsin Natural 
Histoiy Survey and Dr Stillman Wnght, 39 of them range from 
115 to 200 mm in length, the rest, from 227 to 306 mm This 
form is like typical L artedi, except that the lateral line scales 
average fewer, the snout proportionally much shorter, and the 
maxillary somewhat shorter The pectoral fins appear to be longer, 
but these members change in relative size with growth, and when 
fish of this form and typical artedi that are strictly comparable m 
size are compared, the differences are reduced or disappear The 
form clarentia is like sikco, except that the latter has a proportion¬ 
ally shorter head and paired fins, and slightly fewer gillrakcrs and 
scales It differs from aibw$ mainly in having more lateral line 
scales, a shorter maxillary and less body depth It is distinguished 
from most other subspecies of L artedi by having oither more gill- 
rakera or more lateral line scales and shorter paired fins 

A similar race occurs in Allcquash, Palette, Silver, Stormy, 
MuskeJlunge, Ocauchee, Mamie, Pine, Dead Pike, Fowler and 
Fence lakes in Wisconsin, and also in Orchard, White wood, Ore, 
Marble, Sand, Round, Douglas and Burt lakes in Michigan The 
values for H/S, H/M, L/H and PV/P for these races are compared 
with one another and with typical a rtedi andatscoin Tables XXVIII- 
XXXI See also Ta)ale l-VIII and XX1V-XXVII 

Clear Lake 

Clear Lake is in Oneida County, Wisconsin Its form is amoe¬ 
boid, with a maximum dimension of 2 1 miles and an area of 1 44 
square miles, or 921 0 acres The greatest known depth is 82 feet 
The map shows no outlet 

AUequath Lake 

There have been examined from Allequash Lake 24 specimens, 
ranging in length from 111 to 155 mm , taken in the summers of 
1927 and 1928 by Dr Stillman Wright Those less than 130 mm 
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long are Bexually immature The specimens are so small that they 
are comparable only to very undeveloped individuals of larger 
races, which individuals differ strikingly in some of their characters 
from their larger brethren The race, howover, appears to be very 
close to clarensis in respect to the important characters The ab¬ 
dominal fins average rather paler, but coregomds are generally 
palest when small 

Allequash Lake is m Vilas County, Wisconsin It is rather 
Irregularly elongate, with maximum dimensions of 1 5 miles and 
0 88 mile and an area of 0 55 square mile, or 352 acres Its greatest 
known depth is 24 6 feet, but Professor Juday informs me that 
about one fifth or one sixth of the area is 20 feet or more in depth 
Drainage is through Trout Lake to the Chippewa liivtr 

Palette Lake 

From Palette Lake 28 adult specimens, 167 to 227 mm long, 
and one immature female, 150 mm long, have been examined 
Thoy were taken by Dr Stillman Wnght in the summers of 1927 
and 1928 The race has the short snout and maxillary charac¬ 
teristic of clarensie, but the head tends to be relatively small, 
approaching &i$co 

Palette Lake lies in Arbor Vitae Township, Vilas County, Wis¬ 
consin It is named for its resemblance in outline to the artist's 
implement and, according to a letter from Professor Chancey 
Juday, dated February 17, 1930, has an area of 203 aerts and a 
maximum depth of 62 feet It lit^s in the Flambeau system 

Silver Lake 

From Silver Lake 23 adult specimens, 158-186 mrn Jong, havo 
been examined, and one immature one 134 mm long, taken by 
Dr Wnght m the summers of 1927 and 1928 The form is much 
like darensis, but seems to approach sisco m the matter of head 
length and in the number of gillrakere 

Silver Lake is in Vilas County, Wisconsin It is elongate, with 
dimensions of 1 mile and 0 2 mile and an area of 0 2 square mile, 
or 128 acres Its maximum known depth is 55 8 feet Drainage 
is through the Chippewa system into the Mississippi 
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Stormy Lake 

The collection contains 30 specimens, 159-192 mm long, taken 
in Stormy Lake by Dr Wnght in the summers of 1927 and 1928 
Virtually all are adult The race seems to be close to typical 
clarensis 

Stormy Lake is in Lagle River Township, VilaB County, Wis¬ 
consin It has no outlet, but lies in the Wisconsin River basin 
It is rather irregular in shape and is about li miles long, Professor 
Chanccy Juday in a letter of February 17, 1930, gives me its area 
as 493 acres and its maximum known depth as 05 feet 

Muskellunge lake 

There have been examined from Muskcllunge Lake 42 speci¬ 
mens 145 183 mm in length, virtually all adult, taken by Dr 
Wright in the summers of 1927 and 1928 The race is much like 
typical clarerms 

Muskellunge Lake, formerly called Big Muakellungo, lies in 
Arbor \itae Township, Vilas County, vory near to Trout, Alle- 
quaah and Palette lakes It is rather irregular in outline and is 
about 2 miles long Professor Chancey Juday tells me its area Is 
927 acres and its maximum depth 65 feet The map shows no 
outlet, but the lake lies in the Flambeau basin 

Lake Ocaurhee 

Only four adult specimens, 180-228 mm long, taken by the 
Wisconsin Natural History Survey on September 8, 1909, havo 
bocn examined from Lake Ocauchee They seem to bo very much 
like clarerms, but it may l>e found that the race is short-headed, 
like sisco 

Ocauchee Lake is in Waukesha County, Wisconsin The 
Oconomowoc River flows through it into the Mississippi Its 
basin is extremely irregular Maximum dimensions are given as 
2 37 and 1 8 miles, with an area of 1 65 square miles, or 1,056 
acres The maximum known depth is 94 feet, the average depth 
is also great, about a third of the lake basin being covered by 
50 feet of water 
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Mamie Lake 

There are two specimens front Mamie Lnkt, taken bv the 
Wisconsin Natural History Survey on August 10, 1907 They 
measure 199 and 208 mm and both are adult lhcy may pass as 
clarensi8 

Mamie Lake is m State Line lownship, Vilas County, Wis¬ 
consin It is elongate, measuring 1 mile by 0 85 mile, with an 
area of 0 0 square mill, or 384 acres Its maximum known depth 
is 14 8 feet It drains through the Ontonagon Kivor into I ak( 
Superior 

Pine Jjake 

Fight specimens, 102 192 mm long, taken by the Wisconsin 
Natural History Survey on August 25, 1911, have been examined 
from Pine Lake, 2 of them (102 and 107 mm long) ore immature 
They are like claremis in respect to the important characters, but 
have more lateral line scales and very little body dtpth The 
reduction m body dtpth may, of course, be due to emaciation 

Pine Lake is in Waukesha County, Wisconsin, and drains 
through the Oconomowoc Ri\er into the Mississippi, though it is 
said that there is no surplus watir except at flood periods It is 
elongate, with numerous large and small bays Its maximum di¬ 
mensions are 2 3 and 1 05 miles, with an an n of 1 18 square miles, 
or 755 7 acres The lake is generally deep, about 40 per cent of 
its basin being covered by 50 feet of water The greatest known 
depth is 90 feet 

Dead Pike or Geneviet>e Lake 

A single fish, 194 mm long, has been oxatmmd from Dtad 
Pike Lake Such a specimen might occur in a school of tjpical 
artedi , but claremns predominates in the region and until more is 
known of the characteristics of the race to which it Ixdongs it 
may be classed under that name 

Dead Pike Lak< is an irregular body of watt r about 1 f miles 
long, lying in the Flambeau drainage basin in northwestern Vilas 
County, Wisconsin Professor Ohanccy Juday informs me that 
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its area is 384 acres and its maximum depth 82 feet The map 
shows no outlet 

Orchard Lake 

Three specimens have been examined from Orchard Lake, 
taken by Dr Metselaar on May 9, 1927, in 111 feet of water 
They measure 257-280 mm and are adult They appear to bo 
very like darenei a 

Orchard Lake is in Oakland County, Michigan It is roundish 
in outline, with a maximum dimension of about 1J miles Dr 
Metwdaar's notes show a depth of 111 feet Drainage is through 
the Clinton River 

Whitewood Lake 

Three specimens have been examined from Whitewood Lake, 
taken April 12, 1912 They arc immature, measuring 213 to 231 
mm The fish seem to have the relatively short snout and maxil¬ 
lary characteristic of clarensis , but it may be found that the head 
and pectorals will be longer than is usual for that race 

Whitewood Lake, in the southern part of Livingston County, 
Michigan, is an expansion of the Huron River, three quarters of a 
mile long over all, with a maximum width of leas than one quarter 
of a mile 

Ore Lake 

From Ore Lake there are four specimens taken April 26, 1927 
Three, 274-327 mm long, are sexually mature, one, 132 mm long, 
is immature These fish are much like those from Whitewood 
Lake, except that the depth of body is rather greater, approaching 
albue in this character The large fish are probably very well fed, 
since the am allcat specimen is normal for clarensts in this respect 
Ore Lake is m the southern part of Livingston County, Michi¬ 
gan It is roundish in form and is about three quarters of a mile 
in its greatest dimension It maximum depth is reported to be 
55 feet The map shows no outlet 
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Marble Lake 

There are two specimens from Marble Lake, 157 and 303 mm 
long, found dead on August 30,1927 The smaller one is immature 
They may be called clarensis 

Marble Lake is in the eastorn part of Branch ( ounty and drams 
through the St Joseph River system into Lake Miclugan It 
measures from end to end about 3 miles The main body of the 
lake is about 4 mile wide but at the southern end a lobe opens off 
to the east, increasing the width to 1 J miles There are two narrow 
lobes at the two corners of the north end A depth of 50 feet is 
reported by Mr Langlois 

First Sand Lake 

The single fish from First Sand Lake is an adult female, 278 
mm long, taken on September 7, 1927 It may be classed with 
clarerms 

Firat Sand Lake is m Hillsdale County, Michigan It drains 
through a small creek into the St Joseph River system, which 
flows into Lake Michigan It is elliptical, being roughly one half 
mile long and about half as wide It is reported to have a maxi¬ 
mum depth of 30 feet 

Round Lake 

Eight fish have been examined from Round Lake, taken by 
Professor John Lowe on July 2, 1926 They range in length from 
140 to 225 mm , three arc mature, 179, 211 and 225 mm long 
This race appears to be like typical clarensts, except that the lateral 
line scales are fewer It is like o lbus t except that the maxillary 
averages shorter and the body depth less 

Round Lake lies just north of Manistique Lake in Luce County, 
Michigan It 16 rounded in outline, with a maximum dimension 
of over 2 miles It drams through Manistique Lake into the 
Manistique River Professor Lowe states that a maximum depth 
of 33 feet was found by him 

Douglas Lake 

The characters for the Douglas Lake form arc based on an ex¬ 
amination of 80 fish 137-183 mm long and 4 that arc 57-91 ram 
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long Ihose of the first group are adult and, furthermore, un¬ 
doubtedly represent the adult population of the lake The col¬ 
lections in Douglas have been made over several years and no fish 
of greater size have been discovered The fish soem to be nearest 
to darensia, but differ in having a somewhat longer head, snout, 
maxillary and paired fins The specimens are very small and in 
larger fish these parts would undoubtedly be relatively shorter 
The ixxly depth is, however, a tnfle greater than in typical clarensia 
and the lateral line scales fewer, thus approaching athus 

Douglas Lake lies in the northwest comer of Cheboygan County 
and drains by a small Btreani into Burt Lake It is less than 4 
miles long and has an area of about 6J square miles It is roughly 
trilobate, with the broad* st lobe a little less than 2J miles long 
1 here are several deprt saions in the lako bottom, the greatest one 
having a depth of 89 feet, according to Welch, 1927 

Burl Lake 

3 h( 12 specimens from Burt Lake taken by Dr C L Ilubbs in 
August, 1921, are all small, 143-167 mm long Ihese aro adult 
and it is not likely that the species attains much greater size in 
the lake These fish arc much like typical clarensis, though the 
body depth averages possibly a tnfle more, and the mandible is 
usually projecting instead of equal, as in typical darerms The 
abdominal fins average paler also 

Burt l4ike is located along the west boundary of Cheboygan 
County, Michigan It is an elongate body, about 10 miles long 
The shore-line is interrupted by several peninsulas and promon¬ 
tones, so that the width ib greatly vanablo Its area is 26J square 
miles It drains through Mullet Lake, another body of water of 
similar size, into Lake Huron The maximum depth of the lake is 
72 f« t Scott, 1921, says much of it is 40-45 feet deep 

Fou'ler Lake 

A specimen, 290 mm long, taken on August 17, 1911, by the 
Wisconsin Natural History Survey in howler Lake, may be called 
clarerms It has a very deep body, but typical claretms also is 
known to be deep-bodied 
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Fowler Lake is in Waukesha County It receives tht waters 
of the Oconomowoc River which flows through it into Lnc La Bello 
and on to join the Mississippi A 7-foot dam has been constructed 
across tho outlet The lake is irregular in outline Its maximum 
dimensions are 0 94 and 0 44 mile and its area 0 13 square mile or 
83 2 acres There is one deep basin, about a fifth of the lake’s 
area is covered by 35 feet or more of wah r The maximum known 
depth is 50 foet 

Fence Lake 

There are 24 specimens from lence Lake, all adult, taken by 
the Wisconsin Natural History Survey on July 21, 1907, and on 
Sept-ember 2, 1909 Ihroe measure 237-301 mm , th( reBt, 166- 
215 mm These fish arc as short-snouted as typical rlamieis, but 
the maxillary does not average so short, thus approaclung mackayi 
The pectorals are also a trifle long and tho head a trifle large One 
of the largest fish has an L/D value of 3 5, but this value in the 
other two is 4, and the depth is, therefore, much like that of 
typical clarerms The abdominal fins average somewhat paler 
also 

hence Lake is in \lias C ounty, Wisconsin In form it is irregu¬ 
larly ovoid, with maximum dimensions of 3 25 and 2 l miles and 
an ana of 5 3 square miles or *392 acres The greatest known 
depth is 9* feet It belongs to the C hippewa drainage 

Leucichthys artedl clemensi, new subsptuos 

Koela, 1929, has compared the Lake Nipigon form of herring 
with typical L a arledi and L a albus and has shown that it 
differs from the former principally in having fewfr lateral line 
scales, longer pectoral fins and greater body depth, and from the 
latter in having fewer lateral line scales, longer pectorals and kss 
body depth Pigmentation is somewhat greater also In the mai¬ 
ler of body depth it appears to be intermediate between tho two, 
and in the matter of pectoral length and scale number to be inter¬ 
mediate between these and L a tuMibee The only other forms 
with which clemensi might bo confused are Tnackayi , russdi and 
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clarensis It differs from the first in having slightly more gill- 
rakers, somewhat shorter paired fins and more body depth, and 
from the last in having a longer maxillary and snout and fewer 
lateral line scales The differences between russeh and clemenst 
are stated on page 349 Further studies show that a number of 
lakes contain horring of this type, and it is here designated as 
Leucirhthys ariedx clemerm 

The typo is a male specimen 176 mm long, Cat no 54604, 
Museum of Zoology, taken August 21,1923, by Dr W A Clemens 
There are 33 cotypes measuring 138-253 mm in the same collec¬ 
tion For a detailed comparison with other subspecies of L ariedx 
see Tables I-VII1, for frequency distribution of the number of 
gillrakera and of lateral line scales for the various races of clemenst, 
see Tables XXVI-XXVII 


Lake Nipigon 

Lake Nipigon lies due north of Lake Superior in the province of 
Ontario It is about 65 miles long by 40 miles wide, but its area 
is interrupted by numerous islands, so that the total water surface 
is only about 1,530 miles Throughout most of its area the depth 
is less than 180 feet, but small areas are known with a depth of 
about 360 feet It is connected with Lake Superior through tho 
Nipigon River, but a fall probably prevents the interchange of 
members of the fish fauna 


Lake Fanny Hoe 

Nine specimens, taken by Professor John Lowe on August 12, 
1926, 148-167 mm long, most of them adult, have been examined 
from Lake Fanny Hoe They are very much like typical element t, 
but it may be found that the eyes are relatively somewhat larger 
and the snout is somewhat shorter 

Lako Fanny Hoe lies near the tip of the Keweenaw Peninsula 
in Keweenaw County, Michigan, very near the shore of Lake 
Superior It is a little over 2 miles long, with a maximum width 
of about i mile 
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Mountain Lake 

Then 4 are 110 specimens from Mountain Lake ranging in length 
from 143 to 199 mm Virtually all arc adult The range of values 
for all the systematic characters that can be expressed numerically 
seems to bo very like that of typical dementi, except that the 
number of gillrakers is somewhat lower on the average It is like 
russeh in this respect, but has longer paired fins, slightly smaller 
head, less body depth and larger eyes 

Mountain Lake is located in the northwest corner of Marquette 
County, Michigan It drains through Pine Lake into Lake Su¬ 
perior It consists of two irregularly elongate lobes, 3 miles long 
over all, with a maximum width of about J mile Both lol>es are 
relatively deep, much of their basins being covered by over 30 foct 
of water Depths of 42 feet arc known from the small lobe and 
of 54 feet from the large one 

Ives Lake 

From Ives I/ake 126 specimens have been examined, ranging 
in length from 122 to 286 mm , 50 of th( m are under 200 mm in 
length Specimens less than 160 mm long are usually immature 
A few maturing fish have been found us small as 141 mm and a 
few immature fish as large as 170 mm They appear to be very 
close to typical clemenst in their systematic characters, except that 
the lateral line scales average a tnfle higher 

Ives I ako is in the northwest corner of Marquette County, 
Michigan It drains through Pine Lake into Lake Superior, but 
a high fall prevents accession of fish from the lower lakes It is 
roughly ovoid and has dimensions of about 11 by 1 miles Much 
of the lake is 50 feet or more in di pth and a depth of 102 feet is 
known 

GuUiver Lake 

A single specimen, 289 mm long, has been seen from Gulliver 
Lake Buch a fish might occur in a school of typical artedi or of 
clemenst and until more is known about the race of herring in 
Gulliver Lake no name may be finally assigned Determined most 
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by the shortness of the paired fins (PV/P =16, AV/V =*= 1 4), 
I provisionally give the name clemenst 

Gulliver Lake is in the southwest corner of Schoolcraft County, 
Michigan, and drains through a creek a mile long into Lake Michi¬ 
gan It is roughly ovoid, about lj miles long No data on its 
depth are at hand 


Trout Jjake 

The specimens examined from Trout Lake aro of varying size 
9 range from 56 to 69 mm , 5 from 139 to 199 mm , and 2 measure 
230 and 237 mm All but those of the first group are adult They 
appear to bo very similar to typical clemenst 

Trout Lako is in Vilas County, Wisconsin, and is part of the 
Chippewa River system It is composed of two ovoid parts sepa¬ 
rated by a short channel, length over all 4 5 miles, maximum 
width 2 4 miles, area 6 5 square miles, or 4,160 acres Its greatest 
known depth is 115 feet 


Leucichthys artedl lowci, new subspecies 

fhe type is a male specimen, 193 mm long, Cat no 96966, 
Musoum of Zoology, taken in Hulbert Lake 

The collection contains 70 paratypes 184 231 mm long, taken 
by Professor John N Lowe on July 4, 1926 in 10 15 meters of 
water All are adult except 5, of both sexes, 187-218 ram long 
These fish art like typical artedi of similar size from Lake Michigan 
except that they have on the average a few more gillrakers on 
the first branchial arch, slightly greater body depth, but most 
particularly, longer pectoral fins Pigment is more often absent 
on the anal fin and averages less on the paired fins than in 
typical artedi of similar size Vanation seems to lx? from typical 
artedi toward tullibee 

A comparison of the races artedi and lowei is given below m 
respect to the number of gillrakers and length of the pectoral 
For comparison with other subspecies see Tables I—VIII and 
XXVII 
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GlLUMXEHS ON THE FlKMT BRANCHIAL ArtCO 


Species 
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Black Oak 
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6 
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Hult>ort Lake is m western Chippewa County, Michigan, ap~ 
parently in the Lake Superior drainage basin It is roughly ovoid, 
about lj miles long and about J mile wide Professor Lowe says 
the deepest water found by him is about 89 feet 

Black Oak Lake 

hrom Black Oak Lake 31 adult specimens, 148-214 mm long, 
have boen studied, collected on September 16,1909, by the Wiscon¬ 
sin Natural History Survey They differ from typical artedi of 
similar size from Lake Michigan in having slightly more gill rakers, 
and more especially in having longer pectoral fins, and hence are 
much like typtcal lowe t 

Black Oak Lake Is in Vilas Oount>, 'Wisconsin, almost on the 
Wisconsm-Michigan boundary It is irregular in form with maxi 
mum dimensions of 2 3 and 0 65 mih^ and an area of 0 73 square 
miles, or 467 2 acres The maximum known d< pth is 80 4 fett 
The map shows no outlet, but it lies in the Lake Superior drainage 
basin 
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Leucxchthys arledx aUna (Le Sueur) 

The typical form is from Lake Erie It is known to occur also 
in Lakes Ontario and Superior It is differentiated from typical 
artedi mainly in having fewer lateral line scales, deeper body and 
longer paired fins The gill rakers average fewer also None of 
the fish from the inland lakes have been found to be exactly like 
the typical albue, but specimens from Lake Mindemoya are similar 

For comparison with other subspecies of artedi see Tables 
I-VIII an<J XXVI-XXVII 

Lake Mindemoya 

From Lake Mindemoya 12 specimens, all adult, 270-304 mm 
long, have been examined They differ from typical albue in having 
a slightly shorter maxillary and possibly shorter snout and fewer 
lateral lino scales 

Lake Mindemoya is on Manitoulin Island m Lake Huron It 
is about 6 miles long and drains into the Great Lake 

Leucxchthys arledx sxsco (Jordan) 

The hernng of Tippecanoe I^ake, Indiana, was described by 
Jordan as Argyroeomue sisco, but the description is not adequate 
to distinguish the form from what is now typical artedi Jordan 
and Evcrmann, 1911, were of tho opinion that L sisco was not 
differentiated from the Lake Michigan herring by any technical 
characters, but made of the latter a subspecies huronicue, which 
has been considered by KocU, 1929, a synonym of artedi 

Recent studies show a group of hernng from southern inland 
lakes that differ from typical L artedi in having a proportionally 
shorter hefcd, snout, maxillary and paired fins, being in this respect 
closest to L a microcephalia > which has, however, a still smaller 
head Since Tippecanoe Lake lies in the region where this small¬ 
headed form occurs, I apply the name mco to these fish, having 
in mind the characteristics of the Corey Lake race as typical, in 
the absence of an adequate sample from the type locality The 
two fish at hand from Tippecanoe Lake, immature, 157 and 169 
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mm long, though not strongly marked examples of the form, at 
least fit into the range of variation, and it is possible that further 
material from the type locality will show the race to be differen¬ 
tiated from typical artedi like the Corey Lake fish 

If the race w not different from artedi, or is different from the 
Corey Lake form, then another name rauy possibly be applicable, 
bteseUi, which Bollman, 1890, applied to the L artedi of Rawson 
and Howard lakes of Kalamazoo County, Michigan I myself 
have not seen these fish * 

A comparison of the race sisco with typical artedi and micro- 
cephalus is given in Tables XXKII-XXKVII Soe also Tables 
l-VIII, XXVII and XXX-XXXI 

Corey Lake 

From Corey Lake 25 adult specimens have been oxammod, 
ranging in length from 260 to 312 mm They were taken in 33-45 
foot of water on June 16, 1927, by T H Langlois These fish are 
almost identical in their systematic characters with those of 
Gogebic Lake (typical microcephalus), except that the body has 
less depth on the average, the lateral hue scales are fewer, and the 
head ib larger The head is, however, proportionally much smaller 
than in specimens of Lake Michigan artedi of the same size It 
differs, then, from typioul artedi principally in having a propor¬ 
tionally shorter head, snout, maxillary and paired fins It has 
also slightly fewer gillrakers and lateral line scales It is much 
like clarerms in respect to relative length of snout and maxillary, 
but has a shorter head than this form 

Corey Lake is near the west border of St Joseph County, 
Michigan It is roughly triangular and measures about 1J miles 
from tip to tip T H Langlois reports the maximum depth to 
be 45 feet It drains into Kaiser Lake, which has no outlet, accord¬ 
ing to Scott 

* A specimen 213 mm long supposed to oome from Kalaroaioo County is 
certainly not like the Corey Cake form It has a value for I of 4 2, for 
PV/V of 1 5 
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Klinger Lake 

Six specimens have been examined from Klinger Lake They 
measure 306-370 mm and are all adult They were taken on 
Juno 15, 1927, m 40-58 feet of water, by T H Langlois The 
snout and maxillary average short, but the head, considenng the 
great size of the specimens, is rather long The pectoral fins are 
decidedly long The form thus approaches clarriwx, but pending 
accumulation of further data, it is grouped here The anal and 
ventral fins are usually immaculate, so that the form is paler than 
most races of L ariedi The number of lateral line scales appear 
high enough for ardurus 

Klinger Lake is near the south border of St Joseph County, 
Michigan It drams into Lake Michigan through a tributary of 
the St Joseph River It is roughly ovoid, with a maximum di¬ 
mension of about 1| miles Mr I/anglois reports that most of the 
lake is 18 feet or more in depth and about one fourth of ita area 
is covered by 40-85 feet of water 

Murry Lake or Nagel Lake 

A single adult fish from Murry Lake, 200 ram long, apparently 
belongs to this race 

Murry Lake lies between Vergennes and Grattan townships 
along the east border of Kent County, Miclugan In shape it is 
an irregular loop coiled back on itself so that the ends are separated 
by only a few rods of land The formation measures 1J by about 
i miles It is part of the Grand River system, which flows into 
Iittke Michigan No data are at hand on the depth of this body 
of water 

Harwood Lake 

There are 5 adult specimens from Harwood Lake, measuring 
242-256 mm , taken by Oscar Romig on December 7, 1925 The 
fish have a relatively short snout and maxillary and few gillrakers, 
being thus differentiated from typical ariedi The head seems to 
be proportionally short, and pending the accumulation of more 
data the race is called swco 

Harwood Lake lies on the east border of Cass County, Michi- 
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gan It is a little over one half mile long with a maximum width 
of leas than one quarter of a mile It is part of the bt Job* ph 
River system There are no data at hand on the depth of the lake 

Oconomowoc Lake 

From Oconomowoc Lake 10 adult specimens, 235-272 mm 
long, have been exanuned Ihcsc are from the collection of the 
Wisconsin Natural History Survey and were collected on March 15, 
1915 The characters of these fish arc very close to thow of msco % 
except that it seems that the number of gillrakers is high 

Oconomowoc Lake is in Waukesha County, Wisconsin It con¬ 
sists of two roughly ovoid basins separated by a shallow strait 
The main basin measures 0 75 by 0 85 nule, with an area of 0 99 
square mile, or 631 6 acres, and the northeast basin measures 0 75 
by 0 15 nule, with an area of 0 28 square mile, or 179 2 acres Bot h 
basins are deep and about half of the lake is covered by more than 
30 feet of water The lake’s maximum known depth is 62 6 feet, 
in the main basin The Oconomowoc River flows through the lake 
into the Mississippi 

Island Lake 

Only 4 specimens, 180-200 nun long, have been examined from 
Island Lake They are from the Wisconsin Natural History t ol- 
lection and were taken on Septcnd>er 12, 1928 These fish have 
relatively small snouts, maxillanes and heads and arc thus to l>e 
grouped with the race *isro 

Island Lake lies in Bayfield County, Wisconsin, in the Lake 
Superior drainage art,a It is irregular in form with a length of 
2 miles Its maximum known depth is 55 feet, according to 
Professor George Wagner’s notes 

Lake Geneva * 

The occurrence of a cisco in Lake Geneva has long been known 
and the fish has been several times referred to in literature as 
Leucichthys stsco (Jordan) Jordan, 1911, says in writing of L si&co 
of Lake Tippecanoe, the type locality, that it is “merely a land¬ 
locked form of the ordinary Lake Michigan herring, smaller, softer 
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in flesh, and more plump, but showing no technical differences 
whatever” A study of 115 specimens, 156-235 mm long, all 
adult, shows that the Geneva Lake fish differ from typical artcdi 
in having on the average slightly shorter paired fins, head, snout 
and maxillary and possibly fewer gillrakers, and the name sisco is 
therefore retained for them 

Lake Geneva is in Walworth County, Wisconsin It is irregu¬ 
larly elongate, with maximum dimensions of 7 5 and 2 miles and 
an area of 8 76 square miles About 60 per cent of the lake is 50 
or mon feet deep and a depth of 142 foot is known It is mainly 
spring-fed The drainage is through the Fox River into Lake 
Michigan The outlet is now dammed 

Oordy Lake 

hour adult specimens, 301-325 mm long, have been examined 
from Gordy Lake, from the collection of Professor Will Scott of 
the University of Indiana Only in the matter of the H/M and 
L/H values do they appear to be differentiated from typical artedt 
In respect to relative head length they aro like 6tsco f and pending 
the acquisition of more data the race is called sisco 

According to the specimen label, Gordy Lake is in Noble 
County, Indiana, about 5 miles southeast of Cromwell, and is 
over 11 meters deep 

Indian Village Lake 

Throe specimens have been seen from Indian \ lilage Lake from 
the collection of Professor Will Scott They measure 282, 304 and 
337 mm and are adult They seem to fit artedt very closely except 
that they have relatively short maxillanes, and their only claim 
to being grouped with sisco rests on geographical grounds 

According to the specimen label, Indian Village Lake is in 
Noble County, Indiana, in the same chain of lakes as Gordy, with 
two small shallow lakes intervening, and is 6 meters deep 

Lake James 

A specimen, adult, 208 mm long, U S National Museum no 
64700, has been seen from Lake James It might well be from 
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Lake Michigan, bo far as its characteristics are concerned, but 
since it comes from Indiana, near the typo locality of szaco, it is 
tentatively grouped under that rubric 

James Lake ib in Steuben Count}, Indiana It drains through 
the St Joseph River into Lake Michigan 

Lake Tippecanoe 

Lake Tippecanoe is in Kosciusko C ounty, Indiana, and drains 
through the Tippecanoe River to the Wabash Its area is given 
by Large, 1897, as 1 41 square nules, and its maximum depth as 
121 foot Much of it is over 35 feet dt < p 

Leucichthys artedi microcephalus, new subspecies 

The type is a male specimen, 272 mm m length, C at no 96997, 
Museum of Zoology, taken in Gogebic Lake in the summer of 
1929 by Dr Jan Metzctaar 

Nino adult paratypes, 213-314 mm long, taken at the same 
time, have also been examined from Gogebic Lake These fish 
differ from any known rate of L artedi in having very short heads 
and very short paired fins They have, in addition, a somewhat 
deeper body, slightly fewer gillrakers, shorter snout and maxillary 
and more heavily pigmented abdominal fins than specimens of 
typical artedi The raw is compared for most of these characters 
with typical artedi and with sisco in Tables XXXII-XXWII 
See also Tables I-VIII 

Gogebic Lake 

Gogebic Lake lies in the two counties of Ontonagon and Gogebic 
m the state of Michigan (Upper Peninsula) It is about 13 miles 
long, with a maximum width of 2J miles and an average width of 
about 1} miles The area is over 20 square miles Over most of 
the lake, according to the notes of the late Dr Jan Mctzelaar and 
the report of Mr Gerald McCrimmon, who worked with Dr 
Metzelaar on the lake, the water depth is 18 20 feet A small 
area covered by a maximum depth of 33 feet lies to the northward 
of Alligator Point The lake drains through the Ontonagon River 
into Lake Superior 
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Leuctchthyn artedi mamtouhnus (Jordan & Evermann) 

The type is Cat no 64670, U 8 National Museum The form 
is differentiated from typical artedt by its deeper body, longer 
paired fins, head, and maxillary, larger eyes and fewer gillrakers 
and lateral line scales It differs from all other deep-bodied races 
in having a longer maxillary, except birgei From this it may be 
distinguished pnncipally by having a shorter snout and much 
darker fins It is compared with the various subspecies of L artedi 
m Tables I VIII and XIV-XVII 

Mamiowik Lake 

An immature fish, 116 mm long, picked up dead on the beach 
of Mamtowik Lake, by M B Trautman on August 17,1928, is ap¬ 
parently a representative of the form L a mamtouhnus Another 
specimen so found is described on page 318 as closest to typical 
artedi 


Leucichthys artedi tulhbee (Richardson) 

Six specimens have been seen from Pine Island Lake, Sas¬ 
katchewan, the type locality of Coregonue tuUibee of Richardson 
These specimens were loaned by Mr J R Dymond of the Uni¬ 
versity of Toronto and were described by him m 1928 The name 
tuUibee has been generally used in literature for any deep-bodied 
Jjeucichthy8 The specimens range in length from 297 to 355 ram , 
and were collected in the winter of 1926-27 Their principal sys¬ 
tematic characters are shown in Tables I-VIII and XIV-XVII, 
where they are compared in detail with other subspecies of L artedi 
and with other races of tulhbee The abdominal fins are decidedly 
pigmented, much more than is usual for typical artedi, but are not 
black 

Pine Island Lake 

Pine Island or Cumberland Lake is in northern Saskatchewan 
and drains through the Saskatchewan River It is very irregular 
in outline and measures about 45 miles over all 
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Lake Winnipeg 

Fourteen specimens, 217 to 293 mm long, have bet n seen from 
Lftko Winnipeg, they were collected from fish dealers m Grand 
Haven, Michigan They are much like typical tuUibee, but have 
greater body depth and fewer lateral line scales 

Lake Winnipeg in the province of Manitoba is about 250 miles 
long by 60 miles wide and has an area of 9,000 square miles The 
maximum depth is 90 feet It receives the Saskatchewan River 
and the drainage from Lakes Winmpegosis and Manitoba, the 
Winnipeg River and the Red River and drains by the Nelson River 
through several small lakes into Hudson Bay (Murray, 1910) 

Lake of the Woods 

From Lake of the Woods eight individuals 47-130 mm long 
and two 204 and 232 mm long have been examined Only the 
two largest fish arc adult If allowanoe is made for their small 
Rise, they appear to be very close to typical tuUibee 

Lake of the Woods, which is on the On tan ^-Minnesota 
boundary, is about 70 by 60 miles, with a water area of 1,500 
square miles The outline is much indented and the north portion 
is filled with islands Its mam tributary is the Rainy River, which 
drains from Rainy Lake, and its outflow is Winnipeg River to Luko 
Winnipeg (Murray, 1910) 

Rainy Ixike 

A single adult specimen, 273 mm long, has been seen from 
Rainy Lake, no 64677, U 8 National Museum Collection It 
may be called tuUibee 

Rainy Lake on the Minncsota-Ontano boundary is a l>ody of 
water of very irregular outline, measuring over all about 50 miles 
Drainage is into Lake of the Woods 

Lake Wakesi u 

Throe specimens, 227, 327 and 367 mm long, from the Uni¬ 
versity of Toronto Collection, taken in Lake Wokesiu during the 
summer of 1928, are apparently liko typical tuUibee, but they may 
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be found to have more numerous lateral line scales The smallest 
fish is immature 

Lake Wakesiu is about 50 miles north-northwest of Pnnce 
Albert, Saskatchewan It is about 16 miles long 

Leucichthys artedi wagneri, new subspeciea 

The cisco from Tomahawk Lake is sufficiently different from 
any known cisco to merit a name The type is a female specimen, 
214 mm long, C at no 96968, Museum of Zoology Fight para- 
typ<R have been examined, taken on August 25 and 26, 1909, by 
the Wisconsin Natural History Survey They measure 183 224 
min and arc all adult Ihe most striking characteristic of the 
race is the high number of gillrakers, it is equaled in this respect 
only by l^uachthyn hubbsi and exceeded only by L ntpigan A 
comparison follows with both these species and typical L artedi 
in those characters capable of numerical expression 


(UIUtAKERS ON THE HR8T BRANCHIAL ARCH 

wagnen (48)52-56(59) 7 ntpigon (54)66-59(66) * 

hubbsi (47)51 54(57) ■ artedi (41)46-50(66) '• 


LATERAL LINK SCALES 


wagneri 68-75 
hubbsi (63)67-75 (79) 7 

L/H 

uHigneri 4 4 2 
hubbsi (3 5)3 7-4(4 2) 
mpigon (3 8)39*4(4 1) 
arledt (4)4 2-4 5(4 0) 


ntpigan (68)72-77(82) 
artedi (68)77-87(94) 

H/E 

wagntm, 3 8-4 (4 2) 
hubfm (3 5)3 8-4(4 3) 
ntpigan (3 8) 4 2-4 4 (4 5) 
artedi (3 5)3 7-4(4 3) 


T Those and succeeding figures for wagnen are leased on an examination of 
9 specimens 183-224 mm long 

■ These and succeeding figures for hubbsi are based on an examination of 
97 specimens 136-213 mra long 

* Figures for ntpifon so marked are based on an examination of 43 speoi 
mcnB 220-447 mm long Ail others are baited on 16 specimen* less than 300 
mm long 

11 Figures for artedi so marked are baaed on an examination of 391 Bp^i 
mens 127-367 mm AH others are for 146 of the specimens less than 225 mm 
long 
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H/h 

vngnen 3 ft 4 3 (4 5) 
hubbsx (3 4)3 7 3 U(4 3) 
ni jngon (3 1) 3 7 -3 8 (4) 
arledx (3 4)3 0 3 9(4 I) 


H M 

wagneri (2 7)2 9-3 1 
Kubbnt (2 4)2 ft 2 8(3) 
nipigon 2 5-2 8 
art&U (2 4) 2 7 J(31) 


PV/P 


AV V 


(14)1 5-17 

Autost (1 2)1 3 1 5(1 8) 
ntptgon (1 4J t 5 L 6(1 8) 
artedt (1 ft) 1 8-2 1(2 5) 

I/D 


wagnen (13)15(18) 
hubhn (1 1)1 3-1 5 
mptgon (12)14 15(16) 
artuh (l 3)1 5-1 7(2) 


ungncrx 3 5-3 7 (3 9) 
hubbsi (3 5) 3 8 4 2 (5 1) 
mptgon (3 5)3 8-4 (4 1) 
arlfdx (4 1)4 4-5 (5 8) 


Thus it 18 Been that, compared with L hubbat, wagnen has a 
proportionally shorter head, snout, rnaxillarj, and paired fins and 
less body depth Compared with L mptgon it has fewt r gillrakers, 
a proportionally shorter head, snout and maxillary and greater 
l»ody depth 

It differs from L nrtedi chiefly in having many more gillrakers, 
fewer lateral line soaks, a proportionally longer head and paired 
fins, a shorter snout and greater body depth In all the sc charac¬ 
ters, except in the number of gillrakers, wagnen is close to the 
tuliibee form of L artrdi It is compared m detail with the sub¬ 
species of L artedi in Tables I VIII 

Wagnen is regarded as a subspecies of L aitedi The argu¬ 
ments in favor of this consider the fact that L artedi is the generally 
distributed species in the inland lakes and in waters where other 
species of Leu* ichthys have been dcscnbtd L artedt has been pres¬ 
ent also, and further, that in its external features, such as shape 
of the body, of the head, and so forth, it is much like this species 
(It is almost identical with a known subspecies of that form, differ¬ 
ing only in having more gillrakers than any other known race, 
although there are such tliut vary from the typical form in the 
opposite direction ) On the other hand, it might be said that the 
form in question is a modified race of L mpigon or L hubbxi, and 
the only possible reply would b< that L mpigon is not known to 
occur south of Lake Nipigon L hubbtsi is probably a di rivative of 
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some Great Lakes Leucichthys (possibly kiyi or ntgripinnts, or even 
ntptgon ) and L a tcagnen might be denved from the same stock 

Tomahawk Lake 

Tomahawk Lake is in Oneida County, Wisconsin It is very 
dissected in outline, with a maximum length of 4 5 miles and an 
area of 5 7 square miles, or 3,648 acres Its greatest known depth 
is 73 8 foot A dam at the outlet of kawaugesaga Lake has inti¬ 
mately joined Tomahawk with the Minocqua-Kawaugesaga Lake 
Drainage is through the Wisconsin system into the Mississippi 

Leuclchthys artedi mendotae, new subspecies 

The typo is a male specimen, 252 mm long, Cat no 96969, 
Museum of Zodlogy, taken by tho Wisconsin Natural History 
Survey on August 18, 1914 Paratypes numbering 17, taken the 
same year, measure from 220 to 321 ram This form differs from 
tulkbee in having on the average a relatively shorter maxillary, 
somewhat loss body depth, shorter and paler paired fins, and 
smaller head and eyes It differs further from unnnipegoms in 
having more gillrakers and lateral line scales It differs from woodi 
in having a relatively much smaller eyes These and other charac¬ 
ters are compared for the various subspecies of L artedi in Tables 
I-VIII and XIV-XVII 

Mendota Lake 

Mendota Lake is in Dane County, Wisconsin, and is a part of 
tho Mississippi drainage system It has rather regular shore-lines 
and measures 5 9 and 4 6 miles on the lines of greatest dimensions 
Its area is 15 2 square miles, or 9,728 acres The maximum known 
depth is 84 feet Tho average depth is also great and over half of 
tho basin is covered by 50 feet of water 

Hammilk Lake 

There is one specimen, 326 mm long, from Hammills Lake, 
collected by the Wisconsin Natural History Survey on September 
2, 1908 It may be called mendotae (the H/E value is 4 7) 

„ Hammills Lake is in southwestern Bayfield County, Wisconsin 
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It ia roughly heart-shaped with maximum dimensions of 1 by 0 55 
mile Its area is 0 35 square miles, or 224 acres It lies m the 
drainage area of the St Croix River, a tributary of the Mississippi 
The greatest known depth is 49 2 foot 

Leuclchthys artedi woodi, new subspecies 

The type is a male specimen, 250 mm long, Cat no 96970, 
Museum of Zodlogy, collected by the Wisconsin Natural History 
Survey on August 27,1907, in North Twin Lake Paratypea, 14 in 
number, 12 measuring 228 to 256 ram and 2 measuring 154 and 
190 mm have been examined Ail but the two smallest are adult 
The form is very like vnnnipegosis, but may be separated from it 
by the more numerous lateral lino scales and reduced body depth 
It is like mendotae, except that it has relatively much larger eycH 
It differs from tullibee in having slightly fewer gillrakers, a shorter 
maxillary and probably shorter and paler paired fins Comparison 
of several important characters with these and other subspecies 
is given in Tables I-VIII and XIV-XVII Pigmentation is about 
os in typical ariedx 

North Twin Lake 

North Twin Lake is in northeastern Vilas County, Wisconsin, 
noar the Michigan-Wisconsin boundary It is rather regularly 
elongate in form with maximum dimensions of 3 2 and 0 75 miles 
and an area of 1 7 square miles, or 1,088 acres It drams through 
the Wisoonam River into the Mississippi Its maximum known 
depth is 88 6 feet 

Minocqua-Kawaguesaga Jjdke 

There are 29 adult specimens, 242-338 mm long, taken from 
this lake by the Wisconsin Natural History Survey, mainly in 
September, 1906 Several of them have a very high number of 
gillrakers and fit exactly the description of wagnen } but the major¬ 
ity have a rather low giilraker count (see Table XIV) and for this 
reason the form is grouped with woodi The fish with numerous 
gillrakers apparently differ from the others in no other structural 
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features It is possible that they are migrants from Tomahawk 
Lake 

Mmocqun Lake is in the northeastern part of Oneida County, 
Wisconsin It is now intimately connected with Knwaguesaga 
Lake as a result of a dam across the outlet of the latter, and the 
chain is known as Rawagucsaga Lake The raising of the water- 
level has also resulted in the establishing of a broad deep thorough¬ 
fare between this lake and Tomahawk Lake The dam was built 
in 1890, but there was between Minocqua and Tomahawk lakes 
“a stream large enough for fish to pass through before the dam 
was built" (according to a letter from Professor Chancey Juday, 
dated February 17, 1930) 

The Jake is very irregular Its maximum dimension is 4 25 
miles with an area of 3 23 square miles, or 2,067 2 acres The 
greatest known depth is 55 8 feet It drains through the Wisconsin 
River Bystem into the Mississippi 

Long Lake 

Nine specimens have been examined from Ix>ng Lake, taken 
by the Wisconsin Natural History Survey on August 29, 1907 
They measure 183-210 mra and all are adult The race appears 
to be uoodi 

Long Lake is in Hacklcy Township, Vilas County, Wisconsin, 
at the headwaters of the Wisconsin River In form the lake is 
rather regularly elongate It measures 1 4 by 0 6 miles and has 
an area of 0 7 square mile, or 448 acres Its greatest known depth 
is 55 8 feet 

SkeU Lake 

A single fifth, 355 mm long, has been seen from Shell Lake It 
may temporarily be called woodt 

Shell Lake is in the southern part of Washburn County, Wis¬ 
consin It is roughly palette-sbaped, with a maximum length of 
3i miles and a maximum width of 2$ miles The area is 5 square 
miles, or j,200 acres It drams through a network of bodies of 
water into the St Croix River, a tributary of the Mississippi Its 
maximum known depth is 49| feet 
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Wolf IMe 

Iwo adult fish, 277 and 290 mm long, collected in Wolf Lake 
on Apnl 25, 1922, seem to be like woodi, txcept that the fins are 
darker in color It is assumed that this is due to environmental 
conditions and partly for that reason, partly becauw it is not easy 
to draw the lini lietween a dark-colored fish and om of usual color, 
the form is not separated It will probably \n found to have much 
longer paired fins than the typical race 

Wolf Lake is m Beltrami County, Minnesota, it drains into 
the Mississippi 

Charter Lake 

Two adult specimens, 27S and 292 mm long, collected by 
Mr J R Dvmond in C barter Lake, seem to be much like the Wolf 
Lake form mentioned in the previous paragraph and are also called 
woodi 

Cliartcr Lake, according to the label accompanying the speci¬ 
mens, is near Parry Sound, Ontario 

II hlestone Lake 

Two specimens, 169 and 170 mm long, in the collection of the 
Ontario Game and Fisheries Department, taken on August 17, 
1929 These may be placed with woodi, though the body depth 
is less 

Whites tone Lake is an extremely irregular body of water in 
Hngerman Township, Parry Bound C ounty, Ontario It is 2J miles 
long over all with a maximum width of about i mile Drainag( is 
into Georgian Bay 

Com Lake 

Two very small specimens, 49 and 53 mm long, found dead in 
the summer of 1921, are provisionally called woodi They certainly 
are deep-bodied, with lateral line scales numbering about 71 in 
each 

Cass Lake is in northern Minnesota, in the headwaters of the 
Mississippi 
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Leucichthys artedi magnus, new subspecies 

The typo is a male specimen, 382 mm long, Cat no 96977, 
Museum of Zodlogy, taken in Lesser Slave Lake at Fort Smith, 
Alberta, m the winter of 1921-22, by collectors for the University 
of Toronto Four other specimens, para types, 296-397 mm long, 
have been examined from Lesser Slave Lake, they are In the Uni¬ 
versity of Toronto Collection 

These fish are large, but they are by no means maximum ex¬ 
amples of the genus Leucichthys They are similar to mnntpegoats t 
so far as can be ascertained from the comparison of two so strongly 
contrasted size-groups, but it will probably be found that tho lat¬ 
eral line scales average higher in number, and the paired fins longer 
and much darkor in color For a com pan son with other similar 
subspecies see Tables I-VIII and X1V-XVII 

Lesser Slave Lake 

Lesser Slave Lake in northern Alberta is 60 miles long with an 
average breadth of 8 miles and an area of 480 square miles It 
drains by tho Lesser Slave River into Athabasca River Most of 
it is less than 10 feet deep (Murray, 1910) 

Leucichthys artedi winnipegosis, new subspecies 

The type is a female specimen, 191 mm long, Cat no 96971, 
Museum of Zoology, taken off Whiskey Jack Island in January, 
1922 Ihero are also 8 paratypes, 188-204 mm long, 3 of them 
in tho University of Toronto Collection The form is much like 
tulhbee , but differs from it in having many fewer gillrakers and 
fewer lateral line scales The body probably averages deeper also 
A comparison with the forms of L artedx in several important 
characters is given in Tables I—VIII and XIV-XVII Pigmen¬ 
tation is about as in typical artedx 

Lake Wtnntpegosis 

Lake Winnipegosis is about 130 miles long by 20 miles wide and 
has an area of 2080 square miles The maximum depth is 38 feet 
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Outlet Is through the Watcrhen River to Waterhcn Lake to Lake 
Manitoba (Murray, 1910) 

Lake Wabigoon 

Five adult specimens, 266-325 mm long, have been examined 
from Lake Wabigoon, mainly from the University of Toronto 
Collection They appear to be very close to typical mnnipegosw 
Lake Wabigoon is a large irregular lake in Kenora District, 
Ontario, about 20 miles long Drainage is into Lake Winnipeg 

Otter Lake 

Five adult specimens, 167-183 mm long, liave boon scon from 
Otter Lake, taken by Professor Lowe on September 12, 1925 
They are much like mnmpegosis, except that the head is relatively 
smaller The snout may be found to average larger also 

Otter Lake is in the eastern part of Houghton County, Michi¬ 
gan (Upper Peninsula), near the shore of Lake Superior It drains 
through Sturgeon River into Portage Lake The lake’s shape is 
roughly elliptical with two elongate bays at each end, about 3 
miles long with a maximum width of less than a mile Professor 
Lowe says the greatest depth is 30 feet 

Lake Van Etten 

A single immature fish, 128 mm long, has been seen from below 
the dam at the outlet of Van Etten Lake Apparently it may be 
classified as mnnipegaais 

Van Etten Lake is a lako about 3$ miles long in northeastern 
Iosco County, Michigan, lying hard against the Lake Huron shore 
It is in the main 15-25 feet deep, according to the notes of Dr 
Metselaar Drainage is by a small stream through a small lake 
(one half mile long) into the Au Sable River 

Portage Lake 

A single specimen has been seen from Portage Lake, taken by 
T Vergeer on August 12, 1927 It is an adult and measures 
210 mm Several speoimens of Leucichlhys supposed to be from 
Portage Lake, seised by game protectors, are in the collections of 
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the Museum of Zoology, but they are of species not occurring in 
the Great Lakes area and very probably were caught in the lakes 
of the Praine Provinces The Portage Lake fish may be called 
mnmpegoets 

Portage Lake is a large inland bay of Lake Superior in Hough¬ 
ton County, Michigan (Upper Peninsula) A ship channel now 
affords passage through the lake from one side of the Keweenaw 
Peninsula to the other The main body of the lake is some 6 miles 
long and about 2 miles wide, three long narrow arms extend out 
for several miles each 

Kenogami Lake 

An adult male in the collection of the Ontario Game and Fish¬ 
eries Department, taken on October 12,1925, may be called wtant- 
pegoew It has, however, a value for L/D of 3 9, and tho paired 
fins are much darker 

Kenogami Lake is in the Temiakanung District, Ontario 

Leuclchthys bartletti, new species 11 

(Pi XXXtX) tfr J 

The type is a female specimen, 158 mm long, Cat no 96976, 
Museum of Zoology, taken off Teakettle Island in Siskowit Lake, 
Isle Royale, Michigan on August 21, 1929, in 100 feet of water 
Twelve para types were collected m about the same place as fol¬ 
lows 4 on August 23, in 112-117 foot of water, 8 on August 25, in 
50-110 feet, 2 of them from the stomachs of trout and lawyers, 
together with other specimens of Leucichthye too digested to iden¬ 
tify The species apparently shares its habitat with the lake trout, 
white fish and lawyer The lawyer regularly swallowed the speci¬ 
mens of Leuctchihye entangled in the nets, sometimes releasing 
them only at the surface, so that virtually all the paratypes are 
semidigested 

The body form is in general Uke that of L zenilhicue The 
predorsal contour is not humped at the nape The head is long 
and of little depth and is contained 3 6 (3 6-3 9) times in the 

n Named in honor of Professor H H Bartlett 




Leucxehlhif* fortieth 
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total length H/E equal* 3 6[3 3-3 8(4)], H/S 3 5(3 3-3 6), 
H/M 2 2(2 2-2 5), PV/P 1 5[1 5,1 6(1 8)], AV/V 1 2(1 2-1 5), 
L/D 4 7(4 7-5 4), gillrakere 13 + 21(34-37), lateral line scales 
73(71-77) The lower jaw is usually equal to the upper 
Coloration Is like that of other species of cisco, but paler Pig¬ 
ment is usually present on all the fins, though sometimes the anal 
and vontrals are immaculate The snout may be so strongly pig¬ 
mented as to appear black, a characteristic of typical L retghardi 
and of many typical examples of L kvyi 

A form of LettctcfUkys artedi, probably ttargcnlt, is also found in 
the lake L bartleit t is distinguishable from this by having a re¬ 
duced number of gillrakers, a much longer snout and much less 
body depth It also undoubtedly lives in much deeper water 
and probably grows larger 

Leuctchthys barikttx resembles L zemthicus and L ktyt , both 
of which occur in Lake Superior half a mile away It differs 
from both in having fewer gillrakers on the first branchial arch, 
from the former it Is distinguished also by having the lower jaw 
equal to the upper and m having the pectoral fins a tnfle longer 
From ktyi it differs chiefly in having the paired fins shorter Those 
characters that can be expressed numerically are compared below 
for the three forms Ail specimens are under 200 mm long 


Gilmukkra on TffK First Branchial Arch 
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AV/V 


Spkciks 

09 

10 

1 1 

1 2 

13 

14 

1 5 

16 

17 

bartleltx 




3 


3 

3 



kxyx 

1 

23 

34 

15 

6 

1 




zenxthxcun 


3 

12 

10 

32 

33 

16 

2 

1 


Two specimens, 145 and 140 mm long, have been found to be 
immature The rest (146 mm and larger) arc mature The spawn¬ 
ing time is after late summer, since none of the specimens taken 
had ripe eggs or reoently spent ovaries 

Coregonua clupeafomiis (M^itchill) 

The type-locality is falls of the St Mary’s River Koolz, 1929, 
has shown that the Great Lakes whitefish is singularly constant 
m its characters, virtually the only variation noted being in depth 
of body A very marked structural change, howover, was produced 
in all specimens reared from eggs to maturity m the New York 
Aquanum The results were duplicated exactly by the Ontario 
Game and Fisheries Department (See Figs 1 and 3 in Report 
for 1927 A specimen of this brood is in the collection of the 
Museum of Zoology) 

All but one of the inland-lake forms so for known ore different 
from the typical form that predominates in the Great Lakes In 
all the systematic characters usually employed one or other of 
these races varies from the typical clupeaformis in the same direc¬ 
tion and to the same degree as did the artificially reared individuals, 
except for the broad blunt snout Inland-lake fish, even though 
they may be as short-snouted as the aquanum fish, have this part 
of normal shape 

Seven forms are recognised Their characteristics are ab¬ 
stracted m the following analyses 

The distnbution of the subspecies is not more regular than that 
of the races of teuctckthys artrdi It is noteworthy, however, that 
the species is by no meanB so generally distributed as the cisoo, 
and apparently its range does not extend as far south. 
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Virtually nothing is known of the habits of the various races, 
but there are indications that they are as plastic in behavior as 
in structure Though Great Lakes forma have been found to be 
bottom feeders, subsisting chiefly on molluscs and crustaceans, the 
race of Lake Desor has been found to be heavily predatory on 
fish, fish believed to be of this species were frequently seen jump¬ 
ing in the evening, presumably for flies There is nothing to indi¬ 
cate that any of the races spawn at different times from the known 
breeding season in the Great Lakes 

As in the case of Leuctchihys ariedi, the range in size at maturity 
is very great In certain Great Lakes populations (Coregonus r 
clupeaformis) maturity is not attained before tho individual weighs 
three pounds, but in Coregonus c gullwen mature fish are known 
127 mm long, weighing less than an ounce 


ANALYSES OF THE SUBSPECIES OF COREGONUS 
CLUPEAFORMIS 

A ' Gillrakera chiefly 26 or fewer, lateral line scales usually fewer than 84 

1 I /H usually 4 6-4 8, PV/V usually less than 1 7 etanUy i 

A * Gill raker* chiefly 26-28 except in mtdorae (27-32) 

B 1 Lateral line scales usually 80-88 I /H usually more than 4 3 
C 1 PV/P usually 1 7-2 

2 L/D in fish under 260 mm usually 4-4 6, in larger 

flah usually 3 8-4 3 clupeojonnia 

3 L/D In large fish 3 3-3 C lain* 

C« PV/P usually 1 4-1 7 

D 1 L/H usually leas than 4 8 in epecutfens under 260 mm 

4 L/D about intermediate between 2 and 3 rwt~kanlonteruia 
D * L/H usually more than 4 7 in specimens under 260 mm 

6 I /D as in 4 medora* 

B ■ Lateral line scales 84-97, L/H usually less than 4.4 

0 L/D usually 4 6-6 in all fish dusOm 

A 1 Gillrakers chiefly more than 28 

7 Body rather deep paired fine long gullwen 


Coregonus clupeaforhns etanleyi (Kendall) 

The type is a male specimen 222 mm long, Cat no 50828, 
U 8 National Museum, taken m the Cross Lake Thoroughfare, 
Fish River Lakes, Maine Kendall, 1904, found two forms in the 
lake, one spawning at 165 mm and one attaining a weight of 5 lb 
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Ho found them apparently alike m other characters, but named 
the small form I have examined 24 fish from the type-locality, 
most of them taken by Dr Kendall on November 9, 1903 All 
are adult, spawning fish and measure 159-204 mm These small 
fish are different from Coregonus rlupeaformi* of the Great Lakes 
pnncipall} in having fewer gillrakers and lateral kne scales and 
longer paired fins A single large fish, 317 mm long, that has been 
seen from this locality is like the small ones (typical stanleyi) in 
these respects its gillrakers number 24, lateral line scales 80, 
PV P is 1 5 It is possible that there are two species of Corcgonus 
in one of the lakes, but I believe it more likely that there are two 
races that, even though they spawn on the same grounds, at least 
occupy different habitats dunng the rest of their lives, and stanleyi 
is tentatively made a subspecn s of clupeafvrmuf A detailed com¬ 
parison of the number of gillrakers and lateral lino scales and the 
L/H and PV/P ratio is given in Tables XXXVIII-XLI for th< 
forms of Coregonus 

Cross, Eagle and Square lakes (see below) are of the h ish River 
chain in Aroostook County, Maine 

Penobscot River 

Three immature individuals, 132-142 mm long, have boon ex¬ 
amined from the Penobscot River, taken in smelt seines In brack¬ 
ish water at Wmterport, Maine, on March 26, 1917 They differ 
fromC c stanleyi in having shorter pectorals (PV/P -* 1 7,1 7,1 8), 
but provisionally are classed under that name 

Ihreo adult specimens from the collection of the Museum of 
Comparative Zoology, latieled “Maine/’ measuring 268-288 mm , 
may bo considered typical stnnleyt also 

Telos Lake 

Two immature fish, 178 and 193 mm long, have been examined 
from Telos Lake, Maine They may bo regarded as stanltyx 

Eagle Lake 

An adult male, 188 mm long, has been seen from Eagle Lake 
It is apparently like etardeyi 
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Square Lake 

Two specimens, an immature female 145 mm long and an adult 
male 170 mm long, have been seen from Square Lake Apparently 
they are very much like stanhyi in their characters 

Coregonus clupeaformis clupeaformis (MitchiU) 

Twelve specimens, 209 to 292 mm long, all immature, taken 
in 50-75 feet of water during August, 1923, have been cxamiwd 
from Toroh Lake For other data pertaining to these captures 
see the account of I^eiinchthys arUdi greeleyi on pago 313 

These fish are very close to the Great Lakes whitefish in all 
their characters 

Coregonus clupeaformis latus, new subspecies 

Ihe whitefish of Lake Erie and of Black Bay in Lake Superior 
differ from typical clupeaformis principally m having greater body 
depth The name C alhua has generally been applied to those fish, 
but Koelz, 1929, finds this name applicable to another specieH and 
it is here suggested that the Lake Frie form be named latus 

A female specimen 376 mm long, Cat no 52805, Museum of 
Zoology, may be considered the type Its principal characteristics 
are given in Table 93, p 628 of Koelz, Coregomd Fishes of the Great 
Lakes, Bureau of Fisheries Document 1048 Seventeen puratypes 
291-402 mm long arc preserved For comparison with other 
races of Coregonus clupeaformis see Tables XXXVIII-XLI 

Tf ulnut Lake 

Nineteen specimens, chiefly adult, measuring 287 to 403 mm , 
taken by Professor T L Hankinson in April and May, 1906, are 
much like typical lotus, except that the pectorals are a tnflo long 
(PV/P is usually 1 6-1 8 as compared with 1 7-1 9 for latus and 
the body depth is rather less (L/D is 3 4-3 9 and 3 3-3 6, respec¬ 
tively) In the first character the race approaches neo-hanlonietists 
(about 1 5-1 7) 
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Coregonus clupeaformis neo-hanloniensis (Prescott) 

Most of the various inland-lake races differ from the typical 
one chiefly in having relatively longer pectorals Prescott’s old 
name for the Winnepesaukee Lake form neo-hantoniensu is proba¬ 
bly applicable to Coregonus of this type, to judge from a single 
specimen, an adult female, 249 mm long, examined from the col¬ 
lection of the Museum of Comparative Zoology It is of course 
possible that Richardson's labradortcus from the “Musquaw River, 
Gulf of St Lawrence,” will be found to be like these fish and that 
mum has priority 

The type is not known to be extant Ihe type locality is Lake 
Winnepesaukee, New Hampshire C omparisons in certain charac¬ 
ters of the races of this form with those of other subspecies of 
C clupeaformis arc given in Tables XXXVIII-XLI 

Otsego Lake 

Nine specimens, 198-313 mm long, have been seen from Otsego 
Lake, taken February 2, 1911 Four specunens, 237 mm or loss, 
are immature They differ from typical clupeaformis chiefly in hav¬ 
ing longer pectorals and hence are probably like nco-hantomensis 

Otsego Lake is a long narrow lake in Otsego County, New York, 
draining through the Susquehanna 

Beau Lake 

Three specimens from Beau Lake, measuring 163, 172 and 187 
mm , taken on October 11, 1906, are apparently like neo-hanlom- 
ensis The smallest fish is an adult female, so that the race Is 
undoubtedly dwarfed 

Beau Lake, according to the label accompanying the specimens, 
is on the boundary between Now Brunswick and Maine, a part 
of the St Francis River 

Glaster Lake 

Two fish, 200 and 201 mm long, both immature, taken Oc¬ 
tober 12, 1901, are apparently like neo-hantonien$is 

Glaaier Lake, according to the specimen label, is a tributary of 
the St Francis River 



Coregonid Fishes 


375 


Umsaskis Lake 

Two fish, 98 and 130 mm long, taken October 3, 1901, are 
apparently like neo-hantontensis The larger fish, though not adult, 
shows enlarging ovanes, so that the race is undoubtedly dwarfed 

Umsaskis Lake is in Aroostook County, Marne, on the boundary 
of Piscataquis County It drains through the AUcgash to the St 
Francis River 

Lake Champlain 

A single fish, 385 mm long, taken on July 2, 1929, by the 
New York Conservation Commission, is apparently like neo- 
/ian/onte?ms 

A brief description of Lake Champlain is given on page 339 
Lake Ckazy 

An adult male, 297 mm long, taken by the New York Con¬ 
servation Commission on July 22, 1929, is apparently like neo - 
hantoniensis 

Lake Chazy is a rather regularly elongate lake in Clinton 
County, New York, about } mile long with a maximum width 
of about 1 mile John R Greeley says the maximum depth is 
about 40 feet 

Lake Ktwassa 

Throe fish, 325-330 mm long, taken by the New York Con¬ 
servation Commission on August 7, 1929, are like neo-hanlomenets 

Lake Kiwassa is in Franklin County, New York It is rather 
regularly elongate, with maximum dimensions of 1J by j miles 
Mr Greeley gives the greatest depth as about 30 feet 

Lake Clear 

Two adult males, 292 mm long, taken by the New York Con¬ 
servation Commission on October 30, 1929, are apparently like 
neo-hantoniensts 

Lake Clear is in Franklin County, New York It is a regularly 
elongate body of water measuring about 1 by 2 miles Mr Greeley 
gives the maximum depth as about 50 feet 
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Eagle Lake 

A specimen, Immature, 198 mm long, taken by the New 
York Conservation Commission on July 11, 1929, is short-finned 
(PV/P = 18), like typical clupeaforrms It may, however, be 
only an extreme example of Tieo-hantomenais, the common form 
of the region 

Eagle Lake is an irregularly elongate lake, 2} miles long, with 
a maximum width of less than J mile, in Essex County, Now York 

Saranac Lakes 

Seven specimens, 295^449 mm long, chiefly adult, were taken 
by the New York ( onscrvation Commission in July and August, 
1929, in Upper Saranac, and one 321 mm long, immature, from 
Lower Saranac All appear to be like neo-hmitomcnsis The 
Saranac Lakes are in Clinton County, New York Both arc very 
irregular in outline with numerous bays and islands The Upper 
Lake is about 7} miles long the Lower about 5 miles 

Lake Simcoe 

An adult female, 342 mm long, and two immature specimens, 
226 and 310 mm long, from the Ontano Game and Fisheries C ol- 
lcction, apparently are neo-hantoniensis 
For location of Lake Simcoe see page 320 

Lake Mmdemoya 

Spuwmng females, 322 and 367 mm long, taken by me on 
November 12, 1917, apparently belong to this form 
1? or location of this lake see page 352 

Upper St Mary* 8 Lake 

Six specimens, 337 to 350 mm long, chiefly adult, taken by 
Dr A Munc on September 7, 1927, appear to be neo-hantonicnsui 
Upper St Mary's Lake is a rather regularly elongate lake about 
10 miles long and l mile wide, in Glacier National Park It drains 
into the Saskatchewan River 
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Siskowil Lake 

Twenty-three specimens, 165-313 mm long, and two, 361 and 
366 mm long, have been examined, tak< n by me August 21-25, 
1929, in 50-117 feet of water in Lake Siskowit Only the two larg¬ 
est fish are adult They are much like other inland lake whitefish 
except that the maxillary appears to be a trifle longer, relatively, 
but this character cannot easily bo recorded in a fish with so Boft 
a snout, and the form may lie known as neo-hanUmienaia 

The location and physical features of this lake are given on 
pages 331-333 

Stone Ijake 

Twenty adult specimens, 175 265 min long, taken by the 
Wisconsin Geological Survey, appear to have a relatively slightly 
larger head and eye than the usual inland-lake form, but this 
difference may be due to the smaller size of these fish and they 
are therefore considered nco-hantimiemia 

Stone Lake is in Forest County, Wisconsin Its maximum 
dimensions are 0 7 by 3 5 miles and its area 1 32 square miles, or 
844 8 acres The greatest known depth is 76 4 fn t Drainagi is 
into Green Bay 

Wabtgoon Lake 

A specimen from the U S National Mua* utn, number 04724, 
275 mm long, may be grouped hero 

A bnef statement about this lake is given on page 367 

Athabaska Lake 

Five specimens from this lake, measuring 300-408 mm , are 
apparently referable to neo-hantoniensis 

Lake Athabaaka is about 195 miles long, with a maximum 
breadth of 35 miles and an area of 3,000 square miles No sound¬ 
ings are known (Murray, 1910) 

Granite Lake 

Four fish frcyn the Ontario Game and fisheries ( ollertion, 
taken in Granite Lake, are apparently neo-hantomen&is Two are 
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immature, 210 and 221 mm long, and two adult, 248 and 302 
mm long 

Granite Lake, according to the specimen label, is in the District 
of Kenora, Ontario 

Upper Stony Lake 

Two specimens, 208 and 272 mm long, from the Ontario Game 
and Fisheries Collection, taken on June 27, 1929, are apparently 
of the race neo-hanloniensis 

Upper Stony Lake is in Peterborough County, Ontario 
Thames River 

Light specimens, 190-258 mm long, from the Ontario Game 
and Fisheries Collection, apparently belong to the raoe neo - 
hanionienstSj except that they are rather deeper-bodied L/D 
is 3 4-3 9 for specimens over 200 mm Four specimens are im¬ 
mature, measuring under 235 mm , those above that limit are 
adult 

The label says that these fish wore taken from a box containing 
“trout, white bass, perch, pickerel”, they probably originated in 
the Thames River, Ontario Presumably the lot was confiscated 

Coregonus clupeaformls medorae, new subspecies 

The typo is a female specimen, 270 mm long, Cat no 96973, 
Museum of Zoology, collected by Professor John N Lowe in Lake 
Medora on August 19-20, 1927 Twenty-four paratypes, taken 
at the same time, measure 165-272 mm Most of them ore adult 

This race is distinguished from typical clupeaformu chiefly in 
having longer pectorals, deeper body and smaller head It has 
also a few more gillrakers on the first branchial arch. None of 
the other described races of C clupeaformts is known to have 
so small a head and the form is therefore named as new Many 
individuals are further distinguished by having the mandible pro¬ 
jecting beyond the premaxillaries Comparison of several charac¬ 
ters with other subspecies of C clupeaformis is given in Tables 
XXXVIII-XLI 



Corcgonid Fishes 


*79 


Medora Lake 

Medora or Mosquito Lake is in the north< ast part of Keweenaw 
County, Michigan It is about 2 miles long with a maximum 
width of about } mile It drains through the Montreal River into 
Lake Superior Professor Lowe says the lake is shallow (maximum 
depth 20 feet), and has a bottom of chiefly hard sand and rock 

Coregonus clupeaformla dustini, new subspecies 

The typo is a female specimen, 314 mm long, Cat no 96972, 
Museum of Zoblogy, caught on September 10, 1929, in I^ake 
Dcsor Twenty-seven paratypfs, measuring 172-314 mm long, 
taken at about the same time, have been examined for this descrip¬ 
tion Those under 290 mm are immature The smallest mature 
fish of both sexes weigh about half a pound 

The whitefish are extraordinarily abundant m the lake, as is 
evidenced by the fact that a piece of 2J-inch net, about 200 feet 
long, set m 6-21 feet on September 8 at 8 p m and lifted on Sep¬ 
tember 10 at 9 a. m took 116 whitefish, a piece of 2-inch net in 
the same gang, but in 30 40 feet of water, got 18 (temperature in 
30 feet, 17 2° C) 

This form is distinguished from typical clupeaformis by having 
slightly more lateral line scales and proportionally a much long*, r 
head, maxillary and pectorals The body depth is also much less 
Comparisons of several characters are given,for the various races 
of clupeaformts in fables XXX\III-\LI 

The food of many specimens was examined Of a total of 117 
individuals, 30 had eaten nothing, 51 had eaten only fish, never 
more than two (nine-spined stickleback, 17, Cottus, 5, hemng 
3 and 4 inches long, 2, unidentifiable, 27) Seven others had oaten 
fish and incidentals such as sticks, gravel, balsam needles, stlnkbug, 
juvenile Corixa, PiBidium, maple keys The 29 remaining fish had 
a mixed diet flywing, 3 one-half inch moths, very fresh, gravel 
and cedar leaves (4 fish), gravel (4 fish), 1 and 4 burrowing mayfly 
nymphs (3 individuals), 1 Physa, 3 Pisidium (2 individuals), 12 
water mites, midge larvae, 1 juvenile Conxa, piece of sponge, 
piece of CaCOi from a clam shell, piece of wood 2 cm long (3 in- 
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dividuals), one-inch stick, piece of bark, cedar leaf, gelatinous 
alga colony, piece of Potamogcton stem 1 mches long (2 individ¬ 
uals), granite pebble one-half inch m diameter (2 individuals), 
cedar loaf (2 individuals) 

A brief description of Lake Desor is given on page 318 
Trout Lake 

Fifty-four specimens taken by l)r Wnght m the summer of 
1927 and by tho Wisconsin Natural History Survey on November 
12, 1906, have been examined from Trout Lake Of these 17 are 
over 275 mm long and are adult, most of tho rest are under 200 
mm long and are immature These fish differ from typical clupea- 
formis in the same characters and in the same degree as du&tim, 
except that the lateral line scales are no more numerous, nor is 
the body depth less The last-named character may be influenced 
by nutrition 

A statement of the location and physical features of Trout 
Lake may bo found on page 350 

Coregonus clupeaformis gulliveri, new subspecies 

The type is a male specimen, 224 mm long, Cat no 96974, 
Museum of Zoblogy, collected in Gulliver Lake m December, 1917 
Four paratypes, 218-395 mm long, all adult, have been examined 
from the same catch The form differs from typical clupeajormia 
principally m having more gillrakers and longer paired fins It 
probably will bo found to have also relatively larger eves A de¬ 
tailed comparison of several of these characters is given in Tables 
XXXVIII-XLI for the various forms of Coregonus 

Gulliver Lake 

Gulliver Lake is in southwestern Schoolcraft County, Mich¬ 
igan, and drams into Lake Michigan 

Allegash River , Maine 

A mature female, 127 ram long, collected by Kendall and 
Goldsborough at Old Burnt Dam on the Allegash River on Sop- 
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tember 23, 1901, has 31 gdlrakers, 76 lateral line scales and 1 4 for 
PV/P It may, therefore, be classed with gullwert 

Lake Chatcaugay 

Eight adult specimens, 165-191 mm long, have been seen from 
Lake Chateaugay Apparently they are like gullweri , but seem 
to have fewer lateral line scabs than clupeaformis If qulliven 
is found to be like clupeaformts in the matter of scale count, then 
the Chateaugay fish may be separable from both These fish are 
apparently dwarfs, since they spawn so small 

The label does not say in which of the Chateaugay lakes the 
specimens were caught Roth are large lakes in northeastern New 
York 

Sturgeon 

A specimen, 212 mm long, taken on June 19, 1927, by the 
Ontario Game and Fisheries Department, haB 32 gillrakerB and is 
thus like guUxveri 

Sturgeon Lake is m Peterborough C ounty, Ontario 
Chicogan Lake 

A single fish, Liken on July 1, 1928, by Professor Lowe, is 
apparently like gullwert 

Lake Chicogan is an irregularly elongate lake near the southt rn 
border of Iron Countv, Michigan It is nearly 3i miles long with 
a maximum width of 1 mile Professor Lowe says the lake is 
reported to be 75-80 feet deep It drams through the Menominee 
River into Lake Michigan 

Other lake* 

Two specimens from the field Museum Collection measuring 
318 and 330 mm , collected at Cliapleau, Ontario, two, 290 mm 
long, from Athabaska River and one, 368 mm long, from the 
Saskatchewan River, all from the Museum of Comparative Zool¬ 
ogy, three from Island Lake, Cook and Lake counties, Minnesota, 
are deeper-bodied than neo-hantoniensis, but otherwise apparently 
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the same The values for L/D arc 3 1, 3 2 31,32,3, and 3 2, 
3 2, 3 4, respectively 

Lacking more specimens, I find it inadvisable to name these 
fish 

Prosopium quadnlaterale (Richardson) 

The typo ib from “small mors about Fort Enterprise and in 
the Arctic Sea " There are known specimens from this area, but 
RoeU, 1929, assumes that the Great Lakes races of Proaopium 
are very like them and the name may for the present at least be 
used for the Great Lakes forms 

Specimens have been examined as follows from Now Hamp¬ 
shire a specimen each from Lake Village and Newfound Lake 
(Museum of Comparative Zoology), measuring 270 and 307 mm , 
respectively, from Maine two adults from Umaaakis Lake, 193 
and 218 mm , and ten adults, 209-246 mm long, from Cross Lake 
Thoroughfare, Aroostook County, from New York a specimen 
from Mirror Lake, 363 mm long, two from Clear Pond off Rainbow 
Lake, one from Big Clear Lake, 311 mra long, three from “lake 
tn Adirondack Mountains”, and twenty specimens, 179-223 mm 
long, from Lake Chazy 

Probably none of the inland-lake Prosopia will be found to 
be exactly like the races of the Great Lakes If P quadnlaterale 
of Lake Michigan is taken as a representative of the typical form, 
virtually all these inland races appear to differ from it In having 
longer paired fins and fewer lateral lino scales Cross Thorough¬ 
fare and C hazy Lake specimens apparently differ further in having 
relatively a somewhat larger head and C hazy Lake fish differ still 
more in having fewer gillrakers on the first branchial arch The 
latter is selected as the type of the form 

Prosopium quadrilateral® minor, new subspecies 

The type is a female specimen, 202 mm long, Cat no 96975, 
Museum of Zoblogy, taken by J R Greeley on July 22, 1929, in 
Lake Chazy Nineteen para types, 179-223 mm long, virtually 
all near to sexual maturity, were taken at the same time, data 
for all these specimens, as well as for the other inland-lake fonpp 
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and for the Lake Michigan one, are given in Tables XLII-XLV 
The form differs chiefly in having slightly fewer lateral line scales 
and giUrakers on the first branchial arch, and relatively a some¬ 
what larger head and paired fins As in Oreat Lakes specimens 
of comparable size, parr-marks are still evident on the back, down 
to the lateral hue in the caudal area 

Other species 

To the list of the coregomd fauna of northeastern America 
should bo added the forms given for the Great Lakes by Koelz, 
1929 Leucichthys johannae (Wagner), L alpenae Koelz, L zrnithi- 
cus Jordan & Evermann, L reighardt reighardi Koelz, L reiyhardi 
dymondt Koelz, L ntgnptnnis nigrtpinni# (Gill), L nigriptnms 
cyanopterus (Jordan & Evermann), L mgnpinms regalis Koclz, 
L nignpinnis prognathus (Smith), L kiyt ktyi Koelz, L kiyi 
aneniahs Koelz, L hoyi (Gill), L artedi artedi (L© Sueur), L artedi 
albus (Le Sueur), L ntpigon Koelz, Coreyonus clupeoformts (Mit- 
chill) and Prosopium quadrilaterals (Richardson) Leucichthys 
hubbst Koelz occurs in Ives Lake, Marquette County, Michigan 
Several of the Groat Lakes species exhibit in their range races 
morphologically well marked, but these have not been named, be¬ 
cause it is felt that too few data have been accumulated for an 
adequate treatment of raciation in the Great Lakes coregomds 
It is hoped that some student will undertake this study in the 
future What has so far been done is but an introduction to a 
problem that will yield through study results of far-reachmg 
significance 

University of Michigan 
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TABLI I 

Frequency Distribution of tiif Number of Gmikakkrh on the Jirst 
Branchial. Arch for the Type Racer of ihb Various Subspecies 
of beunchthyn arttxh 
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* The asterisk ('*'■ indicates that the specimens axe chiefli under 225 mm long all others are o\ er that limit except dUkamtk 
of which the r umber above i* only half Specimens o i siseo mtndoiat and magnut are over 260 mm Uwronicu* modtoyi 
and dorms li are chiefly under 200 mm and specimens of mrgenii are under 12s mm 
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TABLE IV 

Frequency Distribution of tub Ratio between Vjentkal-Anai Dis¬ 
tance AND I RN< TH OF VENTRAL I IN (AV/A) FOB TUB TyFB RaCBB 
of thk Various Subspecies or Leutctchlhy» artedi 
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TABLE V 


Frequency Distribution or thk Ratio between Pectoral-Ventral 
Distance and Pectoral Lbnoth (PV/P) tor the Type Races or 
the Various Subbpecies or Leuachihy a artedt 



Not* — For tUe of tpMliMM oomptMd Dot* to T*bl* III 
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TABLE VI 

Frequency Distribution or Ratio between Length or Head and Snout 
H/8) FOR THE TyTE RaCFB OF THE \ ARIOUB SUBBPFCIEB OF 
thy « arte It 



NoUi — Ft r m<•«> < f np*cimen« oomp«ir»rf »c-e note to Table III 
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TABLE VII 

Fjukjukwcy Distribution oi- thk Ratio bktwlicv Li^noth ov IIiap *vp 
Maxili akt (H/M) for thh Type Racfh of thk Various Hi naptriks 
or Leucichthya arledt 
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2 5 

2 6 


2 8 

2 9 

3 0 

3 1 

3 2 

3 3 

1 

3 43 



n 

7 

21 

37 

36 

21 

3 

2 

1 



1 

3 

10 

39 

44 

23 

17 

2 






1 

4 

2 

4 



1 







2 

14 

30 

10 

7 

2 









1 

11 

10 

10 

4 

3 








4 

8 

6 

0 










2 

3 

3 

1 




3 

10 

40 

42 

21 

15 

2 

3 

1 




3 

27 

40 

28 

10 

1 

l 








1 

3 

7 

4 

1 

1 





1 

1 

5 

3 

1 









7 

20 

30 

2 

2 








2 

3 

15 

7 

2 






5 

13 

8 

9 

2 










1 

o 

0 

8 

2 

1 






1 

6 

25 

32 

15 

3 

2 

| 

i ! 





2 

5 

14 

10 

2 

1 




1 

1 

5 

4 

5 

11 

8 

1 









1 

2 

2 

2 

1 







4 

3 












1 


t 

1 

6 






2 

5 

7 

0 




• 










3 

5 

1 

i 

1 






2 

2 

2 











2 

4 

3 

7 

i 








3 

7 

y 


2 







3 

1 

3 

2 








1 

l 

l 

l 

1 







3 

5 

7 

3 







Note — For bubo of specimens romfiared see note to Tahlo III 
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TABLE 


FntquBNOY Distribution or Ratio bbtwbbn Body Length 

Sursfroibs or 



Not* — For sUe of specimens 
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VIII 


and Body Djjpth (L/D) fob thb Ttpj Racfj* of thw Variouh 
Leucichtkya artedi 



compared Me note to Table III 
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TABLl IX 

Range or Value* I t »ual and iuxrntMH ron L/H and I /D foh Six Sub 
BPEC1E8 of Ijeunchthyn artedi 


I / H 


SUBBPECIER 
AND LAKF 

greeleyx 

Torch* 

Elk* 

Canandaigua 

Keuka 

Owaaco 

George 

Skanea teles 

annewttM 

Anne 

huromcus 

Runh 

Deaor 

Chautauqua t 
$ar genii 
Sargent t 
Richie f 
aitkamek 
Whitehall 
Crawling Stone 
rusaeh 

Pine * 

Twelve-Mile 
Simooe 


(4) 4 l 4 4 (4 5) 
(3 7) 3 8-1 2 (4 3) 
(3 0) 4 1 4 4 (4 6; 
(3 8) 3 9-4 2 (4 4) 
3637 4 
3 7-4 1 
3 0 4 4 2 
(3 8) 4 4 2 (4 3) 
(3 0) 4-4 l (4 2) 

(4) 4 3-4 6 (4 7) 

(3 0) 4-4 l (4 4) 
3 0 4 2 
3 8 

3 7-4 

3 S 

4 14 3 
4—4 2 

4 1-4 3 

(3 7) 3 9-1 3 (4 4) 
(3 H) 4-4 2 (4 3) 
( 37 ) 4-43 


I/D 


(3 K) 4 2 4 6 (4 0) 
(4 4 )4 8-5 1 (5 0) 
(3 8) 4 2 4 6 (5) 

(4 3) 4 5-6 1 (5 6) 
6 6,5 8 

(4) 4 5-5 1 (5 3) 
4 4 2,48 
4 8-5 (5 0) 

(3 8) 4 2-4 7 (5 3) 

4 5 
2 

(4)4 5-5 6 
4 0-6 1 
4 6,4 7 

4 2-4 4 
46 

33-38 
3 5-4 4 

(3 3) 3 5-4 (4 4) 

(3 4) 3 7-4 3 (4 7) 
30-48 
(4) 4 5-5 (5 2) 


{ 


* Data on species marked with an asterisk (*) are baaed on an examination 
of spec t me ns principally over 22*5 mm long All other figures are baaed chiefly 
on fish under that limit 

f Species marked with a dagger (f) are under 150 mm 
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TABLE X 

Frjwjuicnct Distribution or thb Number Dili rakers on the Firmt 
Branchjai Arch r oh Six Subspecies of Lcucxchlhyt arlcdi 


SuBSPFriHS 
AND T AKB 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

4t 

46 

46 

47 

48 

49 

60 

61 

grtteleyi 

Torch 

1 



1 

2 

2 

1 


7 

8 

14 

15 

9 

4 

6 

1 






Elk 






5 

6 

9 

16 

22 

24 

34 

26 

22 

12 

3 

4 





Canandaigua 

Keuka 








2 

1 


1 

3 

1 

2 

2 

3 

1 

1 




Ovuco 








1 



1 











George 








1 

1 

2 

5 

2 










Slcaneateles 









2 

1 

1 

1 

3 


1 







annm&ts 

Anno 

Aurontcua 










1 

3 

3 

5 

0 

10 

* 

3 





Rush 










j 

2 

5 

6 

4 

3 







Pc»or 











1 



1 

2 







Chautauqua 
tarycnit ' 

Sargent 

Richie i 

atikamek j 









1 

1 

i 

1 

■ 

1 

3 

2 

1 

1 







Whitefish ! 














2 

1 

2 

1 


1 



Crawling Stone 
ru itch 















2 

I 

1 

2 

1 

1 


Pine 











1 

4 

13 

24 

23 

16 

11 

6 

5 


1 

Twelve-Mile 

't 











1 


2 

2 

2 

1 





Siraooe 

1 

1 










2 

5 

7 

_ 

6 

6 


2 
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TABLE XI 

Fkbquxnot Distribution or tb» Number or Lateral Link 8cai k* 
to a Six Subsprcim or Leuctchihyt arledi 
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TABLE XII 

Frequency Distribution of the Ratio between the I enoth of thb 
Pectoral and the Pectoral-Ventral, Distance (PV/P) for Six 
Subspecies of Lcuachlhy * arudi 


Subspecies 
and Lake 

grmUyx 
Torch • 

do 

Elk* 

do 

Canandaigua 

Keuka 

Owrsco 

George 

Skaneatele* 

onnanrtj 

Anne 

huromcus 

Rush 

Deeor 

Chautauqua t 
•argent\ 

Sargent t 
Richie t 
alxkamek 
White fish 
Crawling Stone 
russafe 
Pine* 

do 

Twelve-Mile 

Sunooe 


12 13 



t See notes to Table IX 
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TABLE XIII 

Frequency Dihtribution or the Ratio between Heap [ enctk and 
Snout Length (H/8) for Six Subspecies of Leucichthya artrch 


SUBSPECIES 

and Lake 

3 4 

3 5 

36 

3 7 

3 8 

39 

4 0 

4 1 

4 2 

43 

4 4 

4 6 

4 6 

greeleyt 

Torch * 

1 

4 

11 

10 

7 

1 

1 







do 


5 

5 

4 

7 

12 

> 

l 






Llk* 

1 

6 

13 

19 

8 

16 

2 


1 





do 


20 

17 

18 

33 

10 

10 

3 

1 

1 




Canandaigua 

Kcuka 


3 

4 

4 

5 

2 








Owaaco 


1 


2 










George 




6 

2 

2 

3 







Skanea teles 


1 


5 










unnenns 

Anne 

huronteuM 




3 

5 

9 

6 

1 

4 

1 




Rush 






3 

4 

4 

0 





Deeor 





1 


1 

1 






Chautauqua t 
sarptrUt 








1 

1 





Sargent t 





2 



1 

2 

1 

1 



Richie f 
aixkamek 









1 





Whitofieh 






1 

2 


2 

l 

2 



Crawling Stone 





1 


1 

2 

1 

1 

1 


1 

russeh 

Pine 


1 

1 1 

3 

7 

5 

3 

1 






dot 


1 

9 

14 

31 

18 

7 

4 

1 





l'welve-Mile 



1 


1 

2 

3 

1 






Simooe 


_ 

3 

3 

1 

fi 

6 








* f See notes to Table IX 
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TAB Li* XIV 

FbEQDKNIV DjSTBIBUTJON OF THIS NiiUBHI OF OlLI nAXEKA on THE FlRBT 
Branchiai Arch fob Si vt kvl Deh-Bc^htfo Suuhpi-lies of />«ctcA- 
thys arterlx 


Slbhpkcies 
and Lake 

41 

42 

43 

44 

45 

40 

47 

4S 

49 

50 

51 

52 

53 

54 

55 

iullibce 

Pine Island 









1 

1 

t 


> 

1 


Winnipeg 









4 

3 

2 

3 

2 



lake of Woods 
Rainy 



1 




1 

1 

1 

1 

1 

1 




Wakesiu 
unnmpegos ™ 







1 




1 

1 




WinwpegosiH 




1 


2 

1 

3 

2 







Wabigoon 






2 


1 

1 







Otter 

Van Etten 

Portage 

Kenogaim 




l 


4 

\ 

1 

1 








maffnus 

Leaser Slave 
hankxnaom 




2 

1 

1 





1 





Oneida 

incndotae 

l 

2 

1 

1 

1 

2 

2 

1 








Mendota 






1 

2 

2 

5 

2 

1 

2 


1 

1 

Hamm 1 11s 
tvoodt 









1 







N Twin 






1 

3 

5 

2 

3 

1 





Whitestone 









1 

l 






Kawagucsaga 



1 



2 

0 

0 

3 

4 

1 

1 

2 

1 

1 

Long 





1 

1 

1 

2 

2 


1 

1 




Shell 

Wolf 

Charter 







I 

1 




1 


1 

1 


manxtouhnu* 
Typical form 



1 

3 

3 

4 

6 


1 


1 









TABLE X\ 



Typical form 
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TABLE XVI 

Frequency Distribution or thk Ratio bktwiin Head Length and 
M axillary Length (H/M) pob Several Deep-bodied Subspecies 
op Ltuachthy * art+rh 


Subspecies 

1 

2 6 

27 



-- 

— 

— - 


— 

—— 

and Lake 

2 5 

2 8 

2 0 

30 

3 1 

3 2 

33 

34 

35 

tuUibM 

Pine Island 




2 

2 

2 






Winnipeg 




1 

0 

4 

1 1 


1 



Lake of Woods 


1 

4 

2 

1 







Ksiny 

Wakceiu 



I 

1 

1 


1 



! 


i nnrupeyon* 
Wtnxupegosis 




3 

1 

3 

2 1 





Wsbigoon 

Otter 





1 

3 

2 

3 

1 




Vsn Etten 












Portage 

Kenogami 





1 



1 




magnu $ 

Lem- Slave 
hankintom 



1 

1 

1 

1 

1 





Oneida 

mmidnia* 






3 

5 

l 

1 

1 


Mendota 





2 

4 

3 

7 

1 


1 

Hammills 

tooodt 







1 





N Twin 





3 

7 

2 


2 



Whiteetone 






1 

1 





Kawagueeaga 



1 


2 

e 

10 

0 




Long 






4 

5 





Shell 








1 




Wolf 






1 

1 





Charter 
mamtouknvM 
Typical form 

2 

5 

7 

5 

1 


1 
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TABLL XVII 

Frequency Distribution or the Ratio between Pectoral Length and 
Pbctoral-Venthal Distanck (PV/P) roR Several Deef-bodikd 
Subbpecikb op LcuctchlhyB artidx 


SuBRPKCIKS 
AND I AKK 


tulixbM 

Pine Island 

Winnipeg 

Lake of Woods 

Rainy 

Wakewu 

tnnnipepOAM 

Wuimpegorti* 1 1 

Wabigoon I 

Otter 

Van F Hen 

Portage 

Kenoganu 

maffnut 

I*ewer Slave 1 

hankitMM 

Oneida 

mendotae 

Mendota 

Hamrailla 

uxxxii 1 

N Twin 1 

Whiteetonc | 

Kawaguesaga | 

Long 

Shell 

Wolf 1 

Charter 

mamtouJiniw 

Typical form 


14 

15 

16 

17 

18 

10 

20 

1 


1 

1 




2 

3 

1 

1 




1 

3 

1 

i 




l 

2 


1 




4 

2 

1 





1 

2 


1 




2 


1 

1 






1 






l 






1 

1 







1 

1 

4 

3 


2 


3 

4 

3 

3 

1 




1 





1 

3 

8 

2 


1 


1 


l 





l 

7 

7 

10 

3 

l 


3 

1 

1 

3 


1 



1 







1 

1 




1 


1 

9 ! 

7 

2 





Coregontd Fishes 
TABLE XVIII 
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FfUDQtrawrr Distribution of the Numbkh uf Gillrakfkb on thk First 
Branchial Arch for the Races of I^urtckihi/t artodi mackayt and 
Three Similar Subspecies 


Subspecies 

40 

41 

42 

43 

44 

45 

40 

47 

18 

49 

50 

51 

52 

55 

Pine 

mackayt 

1 

1 


1 

6 

8 

5 

5 

2 

1 

3 





Stony 





3 

1 

7 

3 

3 



2 



Pigeon 






1 

1 

1 

3 

4 





Granite 






1 

1 

1 

1 

3 





Cameron 





1 

1 

5 

4 

5 

1 





SUver 






1 

1 


2 






Sturgeon 

1 

1 




3 

3 

1 

1 



1 



Upper Stony 




I 


3 

l 

1 

1 

I 





Garrison 







1 








Kah-She 

Big Clam 






1 

1 

1 




I 



Sturgeon 

I 




1 

3 

1 


1 

l 

1 




(Peterborough) 

Mill 

1 

| 






1 

1 




1 



Balsam 

onnenrij 




1 


1 

2 








Anne 

1 

3 

3 

5 

6 

10 

7 

3 1 




1 



Bernard 

clarenau 

, 

1 


1 


1 

1 

1 



i 




Clear 





■9 

tj 

B 

n 

9 

9 

4 

3 

1 

1 


: 

l 


■I 

■ 

m 

M 

_ 


j 

— 


1_ 
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TABLE XIX 

Frequency Distribution or the Ratio between the Length or the 
Body and Head (L/H) for the Racks or Leucxchthy a artedt mockayr 
and Two Similar Subspecies 


Hubspbcieb 

[si 

38 

30 

40 

77 

42 

43 

44 

77 

46 

47 

rutwelt 

Pine 

mackayx 

1 

7 

0 

10 

3 


1 





Stony 



3 

3 

5 

4 

2 





Pigeon 



1 

3 

1 

1 

4 





Granite i 



1 

1 

2 

1 






Cameron I 




1 

2 

2 

5 

4 

3 



Silver j 




3 

1 







Sturgeon j 




1 

1 

4 

2 

2 




Upper Stony ! 




1 

3 

4 






Garrison , 

1 




1 







Kah-Sho 

Big Clam 

1 



1 

2 



1 

1 



Sturgeon 

1 



1 

1 

2 

3 

1 




(Peterborough ) 

Mill 

Balaam 

1 

1 

1 

1 




1 

1 

1 

2 




annerut* 

Anne 

f 



1 

1 

1 

4 

9 

15 

7 

3 

Bernard 






1 


1 

1 

1 



Note — The specimens in tins and the five succeeding tables are all under 
200 mm , except those for Anne, moat of which are under 225 mm 
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TABLE XX 

Frequency Distribution of the Ratio bktwkkn the Pectoral^ 
Ventral Distance and the Pectoral T knqtu (PV/P) for the 
Races of Lencichlhys artwh maokayx and Two Similar Susspi-ciKa 


Subspecies 

14 

1 5 

10 

1 7 

1 8 

1 9 

20 

2 1 

ruiBeli 









Pino 


4 

13 

10 

4 




mackayt 









Stony 

3 

5 

4 

2 

4 

l 



Pigeon 



J 

4 

2 

1 



Granite 



4 

1 





Cam cron 

1 



3 

7 

5 


1 

Silver 



2 

1 



1 


Sturgoon 



1 

2 

3 

4 

1 


Upper Stony j 


1 

2 

2 

2 

1 



Garrison I 



1 






Kah-She 


1 







Big Clam 

1 


1 



1 2 



Sturgeon i 




4 

1 


i 


(Peterborough) 

j 








Mill ( 





I 




Balaam ■ 




1 


2 

1 


annewru 





• 




Anne ! 

j 


2 

3 

4 

7 

0 

2 

Bernard | 




1 

2 

_1 

1 1 
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TABLE XXI 

Frequency Distribution or the Ratio between th* Ventral-Anal 
Distance and the Length or the Ventral (AV/V) fob tub Raobs 
or Leuachihyt artedi mackayx and Two Similar Subspecies 


Subspecies 

1 2 

13 

.4 

it 

1 8 

1 7 

18 

rUMMt&X 








Pine 

1 

6 

13 

12 




maekayt 








Stony 


2 

7 

6 

3 

1 


Pigeon 


1 

5 

1 

3 



Granite 


1 

4 


1 



Cuneron 




2 

8 

S 

2 

Silver 



1 

2 

1 



Sturgeon 



2 

0 

2 

1 

1 

Upper Stony 




4 

3 

1 


Garrison 





1 



Kah-She 



1 

1 




Big Clam 



1 



1 

1 

Sturgeon 




2 

3 


1 

(Peterborough) 








Mill 


1 






Balaam 



1 

1 

1 

1 


annmau 








Anne 


1 


2 

7 

10 

7 

Bernard 



2 


2 
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Frequency Distribution of the Ratio between the Length of the 
Head and or the Snout (H/S) for the Races of Leuctchlhyt artedt 
mackayt and Two Similar Subspecies 


Subspecies 

36 

37 

3 S 

39 

40 

4 1 

rutfeh 







Pme 

1 

4 

13 

7 

3 

2 

machayx 







Stony 


2 

3 

3 

5 

2 

Pigeon 



3 

2 

4 


Granite 



1 


1 


Cameron 



1 

2 

4 

3 

Silver 



1 



2 

Sturgeon 




4 

3 

1 

Upper Stony 


1 


1 

3 

1 

Garrison 






1 

Kah-She 






1 

Big Clam 






1 

Sturgeon 



1 


3 

3 

(Peterborough) 







Mill 



1 




Balsam 



1 

1 

X 

n 

onnensu 







Anne 


3 

6 

9 

6 

n 

Bernard 


1 

a 

i 

1 


H 


42 

43 

l 


2 

1 

1 


1 


2 


1 


1 


4 

1 


4 4 4 5 













410 


Walter Kotlz 


TABLE XXIII 

Frequency Distribution or the Ratio between Body Length and 
Body DrprH (L/D) ron tiie Raceb or L^ucichihyt ariedt mackayi and 
T wo Similar Subspecies 


Subspecies 

4 

4 1 

42 

43 

4 4 

45 

40 

47 

48 

I 7 * 

50 

51 

52 

nusch | 

Pine 

mack ay t 

2 

4 

3 

4 

fi 

S 

1 

3 






Stony 



1 

1 

4 


2 

2 

2 

1 

2 

1 


Pigeon 





1 


1 

2 


1 

4 

1 


Granite 






1 


4 


1 

1 



Cameron 



1 

2 

2 

Z 

3 

1 

2 


2 



Silver 


1 

1 




1 






1 

Sturgeon 




1 



1 

1 

2 

2 

1 

1 


LTpper Stony 






1 

2 

1 

1 



1 


Garrison 

Kah She 

1 







2 






Big Clam 

Sturgeon 

1 


1 

1 

1 

1 

2 

1 

1 

1 




(Peterborough) 

Mill 







1 







Balaam 







2 

1 


1 




onnerut« 

Anne 

1 

1 

2 

3 

1 

2 

5 

4 

4 

1 


1 

1 

Bernard 









1 

1 

2 
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TABLE XXIV 


Frequency Distribution of the Number of Later ai I ine Scales run 
Typical clarennt and the macknyi Races of L artedi 


SimapK IHN and La** 

67 

08 


70 

71 

72 

71 

74 

— 

78 

76 

77 

78 

72 

80 

81 

82 

HJ 

84 

88 

W 

87 

K8 

tlariMti 

Cl**r 




1 




L 

1 

t 

1 

7 

ft 

4 

7 

6 

4 

1 


2 


1 

maoAayi 

atony 




I 


1 

2 

J 

J 

2 

2 

1 


, 




1 


l 



Pt*#Od 

Qr*nit* 



t 


2 

1 

l 

1 

2 

4 

3 

2 

3 

3 

2 

2 

1 

1 



2 

I 

C*BMrnn 

81Iv«r 







1 1 

J 

1 

2 

1 



2 

1 

4 

4 

2 


1 

1 



Sturgeon 





1 





1 



2 


1 

2 


2 

1 

1 1 



Upper Stony 









1 


4 

1 ! 




1 1 


l 1 





OmrijoD 

K*h-8hi» 

Bl* Cl*m 

Btumeou 

(Peterborough) 

Mill 

BalMm 

i 




1 



i! 

1 

1 

1 

1 

1 

1 

1 

1 


1 


‘ 

1 

2 

1 


1 




1 ABLE XXV 

Frequency Distribution or the Ratio bltwefn 1 lnqth of Head and 
Maxillary (H/M) for Typical clarensi» and the mackayt Races or 
L ttritnh 


SCDSPKCJJW AND LaXE 

25 

26 

27 

28 

29 

30 

31 

,7 

33 

3 4 

cWmJtt 

Clear 




1 

1] 

16 

10 

4 

3 


mnckayx 

Stony 


1 

5 

7 

3 






Pigeon 


1 

3 

5 

1 






Granite 




1 


i 





Cameron 



5 

3 

2 






Silver | 


1 


3 







Sturgeon 


1 

4 

4 

1 






Upper Stony 


1 

2 

3 

1 






Gam son 

Kah-She 


| 

1 


I 

1 


1 



Big Clam 






1 

1 

1 



Sturgeon j 



1 

4 

2 

1 





(Peter borough) 

MiU | 

1 



1 







Balsam | 




2 

2 
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TABLE XXVI 

Frequenct Distribution or the Number or Gillrakesa on the Fuwr 
Branchial, Arch roa Typical L a aritdx and the Subspecies 
clartrmt demetm and aibun 


Subspecies 

41 

42 

43 

44 

3 

40 

47 

48 

49 

60 

51 

52 

53 

artedx 














Michigan 

1 

2 

7 

18 

24 

46 

57 

62 

49 

37 

44 

22 

14 

Nichols 





4 

2 

2 

2 

4 

2 




Port Age 



1 

2 

2 

1 

7 

7 

0 

3 




Walloon 



1 


2 

1 

2 

2 

5 

1 

1 



Hubbard 




5 

4 

9 

1 

3 

2 





Higgins 





1 

I 

5 

3 

6 

4 

4 

3 


Crystal 


1 

1 

4 

3 

4 

4 

3 

1 





Blind 






1 








Elkhart 







1 

3 

3 

3 

2 



Pine 




1 

1 

1 

6 

6 

7 

6 

3 

1 


Champlain 


1 


2 

1 


1 



1 




Beaver 






1 

1 







Sandy Bottom 











1 



La Belle 










1 




Ijttle Trout 








2 

1 





Coldwater 






1 








Cayuga 







1 



1 




Wolf 








1 

1 





Mamtowik 


1 




| 








Otisoo 










l 

1 



clarenaxs 














Clear 




i! 

2 

8 

5l 

9 

9 

4 

3 

1 


Allequaah 




2 

1 

2 

4 

0 

5 

2 

1 

l 


Palette 




1 

3 

4 

5 

4 

D 

l 

1 

1 


Silver 



1 

3 

4 

6 

5 

1' 

2 





Stormy 





1 

4 

3 

7 

5 

0 

li 

2 


Muskellungo 



1 

4 

4 

7 

13 

2 

4 

4 

2 


1 

Okauohee 







1 


3 





Mamie 













2 

Pme 






1 

2 

2 


2 

1 



Dead Pike 






1 








Orchard 





1 


1 


1 





Whitewood 





1 





l 

1 
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Frequxnct Distribution of the Number of Lateral Lire Scales for L a , artah and the Sub¬ 
species darennt dementi afbus n*co and lower 


414 


Walter Koelz 
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Fanny Hoe 
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TABLE XXVIII 

Frequency Distribution or Ratio between Head Length and Snout 
Length (H/S) fob Typical L arttdt arltdi and L a dartnt w 


Subspecies and 
Lake 

3 3 

3 4 



3 7 

3 8 

3 0 

4 0 

4 1 

4 2 

4 3 

4 4 

4 5 

ariedx 














Michigan * 

2 




24 

30 

19 

26 

5 

5 

1 

1 


do 


2 

8 

24 

40 

36 

n 

12 

2 





darcntU 














Clear 





1 

7 

6 

12 

8 

4 

5 

2 


Allequuh 







3 

7 

6 

3 

2 

i 2 


Palette 







4 

7 

7 

6 

1 

1 


Silver 





3 

6 

7 

6 

2 





Stormy 




1 


1 

1 

4 

6 

12 

4 

1 


Muskellunge 




1 

3 

1 

5 

10 

11 

9 

2 

1 


Okauchee 







1 

1 

2 





Mamie 






1 




1 




Pine 






1 


2 

2 

2 

1 



Dead Pike 


l 








1 




Orchard * 








2 


1 




Whltewood 








1 

1 



1 


Ore* 






1 


1 

1 

1 




Marble 








1 


1 




Sand 














Round 







1 

4 

2 



1 


Douglas 




3 

1 

8 

10 

19 

13 

15 

□ 

o 

1 

Burt 





2 

2 

6 

9 

3 

8 

H 

1 

1 

Fowler * 










1 




Fenoe 







4 

6 

3 

2 

_ 

■ 

U 

1 


• These fish are over 225 mm long except one specimen from Ore Lake, 
most of the others are under that limit 
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TABLE XXIX 

Frequenct Distribution of Ratio between I snots of Head and 
Maxillary (H/M) fob Typical L artedt artedx and L a clarensi* 


HuBBPECLES AND I AXE 

2 4 

2 5 

2 0 

Tr 1 


2 9 

3 0 

3~ 

3 2 

3 3 

X 

ms 

S 

artedx 













Michigan * | 

1 

5 

3 

7 

16 

21 

39 

37 

44 

36 

23 

21 

17 

3 

2 

2 

1 



clarenn* 

Clear 





1 

11 

16 

10 

4 

3 


i 

A11 ©quash 




1 

5 

2 

11 

4 





Palette 





1 

7 

11 

6 

3 

1 



Silver 





2 

9 

8 

6 





Stormy 





1 

6 

10 

0 

4 




Muakellunge 




1 

6 

9 

18 

8 

2 




Okauchee 







4 






Mamie 





1 


1 






Pine 






1 

2 

2 

l 


1 


Dead Pike 

Orchard* 



i 


1 



1 

1 

1 



Whltewood 






1 

1 

1 





Ore* 

Marble 



i 




1 

1 

1 

1 

1 



Sand 

Round 



i 



2 

4 

1 

1 

1 



Douglas 



1 

6 

36 

23 

131 

3 





Burt 

Fowler * 



! 


7 

16 

6 

3 

1 




Fence 



1 

1 


3 

10 

6i 


1 

1 




* doe cote to Table XXXVIII 
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Distribution or Ratio between Body Length and Head 
Length (L/H) for Typical L artcdt arloii, I a nxco and L a 
dareTins 


Subspecies 
and Lake 

3 6 

3 7 

3 8 

3 9 

4 0 

4 1 

4 2 

4 3 

4 4 

4 5 

4 6 

4 7 

4 8 

4 9 

artedx 

Michigan 





5 

14 

30 

36 

32 

21 

8 




8l*CO 















Geneva 

darcn&x* 







4 

12 

25 

33 

24 

11 

3 

1 

Clear 





2 

7 

11 

11 

4 

3 

3 

1 



Alloquash 




3 

1 

7 

11 

3 







Palette 







5 

3 

6 

6 

4 

1 

2 


Silver 







1 

6 

6 

8 

2 

2 



Stormy 






1 

5 

6 

9 

5 

4 




Muskellunge 






2 

7 

15 

11 

7 





Okaucbee 








1 


2 

1 




Mamie 







1 




1 




Pine 





2 

3 

1 

2 







Dead Pike 
Orchard * 






1 

1 

1 

1 






Whitewood 





1 

1 

1 








Ore * 






2 


2 







Marble 

Hand 





1 

1 



1 






Round 







1 

6 

1 






Douglas 

1 

4 

6 

23 

24 

13 

11 








Burt 

Fowler * 




1 

1 

7 

10 

8 

5 



i 



Fence 




1 

5 

8 

4 

3 

1 

_ 







* These fish are over 225 mm long, except one specimen from Ore Lake, 
most of the others are under that limit 




420 


Walter Koelz 


TABLL XXXI 

FREQUENCY DlBTHtBTTTION OF RATIO BETWEEN PECTORAL L*NQTH AND 

Pectoral Ventral Distance (PV/P) for Typical L arledt artedt, 
L o. haw a no L a 


SuBBPKCJES AND LaXS 

1 4 

1 6 

1 6 

1 7 

1 8 

1 9 

2 0 

2 1 

2 2 

2 3 

2 4 

2 5 

arifidt 

Michigan 



3 

5 

20 

23 

57 

21 

10 

1 


l 

moo 

Geneva 

ciartntu 




1 

3 

14 

28 

26 

23 

14 

2 


Clear 


3 

7 

14 

7 

5 

4 

1 

2 

1 



AUequseh 



6 

10 

4 

2 

1 






Palette 



2 

7 

5 

8 

5 






Silver 



2 

2 

5 

8 

3 

2 





Stormy 


1 

1 

S 

8 

7 

5 

2 





Muskellunge 


2 


4 

15 

15 

7 






Olcauohee 






1 

2 

1 





Mamie 



1 



1 







Pine 



1 

1 

2 

2 

2 






Dead Pike 

Orchard * 





1 

1 

1 




1 


Whitewood 



1 

1 

1 








Ore* 




l 

1 

2 







Marble 

Sand 





l 


1 




1 


Hound 




\ 

2 

5 







Douglas 

1 

8 

18 

22 

24 

8 

2 






Burt 

Fowler * 



1 

2 

12 

9 

8 


l 




Fence 


L 

3 

6 

=-1 

6 

1 

1 



L 

1 


9 These fish are over 225 mm long, except one specimen from Ore Lake, 
most of the others are under that limit 
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TABLE XXXII 

Frequency Distribution ox the Number of Gili rakers on the First 
Branchial Arch for Ttpical h artedi and the Two Subspecies 
tntcrocepkalua and flsco 


Subspecies 
and Lake 

41 

* 

43 

44 

45 

46 

47 

48 

49 

50 

61 

52 

53 

art+di 














Michigan 

imcrocephalu* 

1 

2 

7 

13 

24 

46 

57 

62 

49 

37 

44 

22 

14 

Gogebic 




3 

2 

1 

1 

2 

1 





ntco 














Corey 



2 

1 

4 

3 

8 

3 

1 

1 

2 



Klinger 



1 



2 

2 

1 






Murry 








1 






Harwood 

Oconomowoc 





2 

1 

2 

3 

0 

3 

2 

1 


Island 






2 

2 







Geneva 


3 


4 

13 

27 

28 

12 

9 

5 

4 

2 

1 

Gordy 

Indian Village 





1 


2 

1 

1 


! 



James 

Tippecanoe 




[ 

3 

3 


t 

1 
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TABLE XXXIV 


Frequency Distribution or the Ratio bktwkfn Head I enoth and 
Snout Length (H/S) for Typicai I ar(&h and the Huhnpkc ihs 
microcephalua and stsco 


SUMPBCIU AND LaXX 


nrUdt 

Miohittn { “«* 

mxeroe&pkalu* 

Oofxblc 

•iaeo 

Corey 

Kim* or 

Murry 

Harwood 

Ooonomowoc 

Inland 

Geneve 

Gnrdy 

Indian Village 
Jame* 

Tippecanoe 




TABLL XXXV 

Frequency Distribution of the Ratio bitwk*n Head Jjnoth and 
Maxillary (H/M) for Typical I arltth and the Suhhilcur 

i lu * AND Hi SCO 


Subspecies and I ari 

2 4 

2 5 

2 6 

2 7 

28 

2 0 

3 0 

3 1 

3 2 

3 3 

3 4 

3 5 

arleth 













Michigan ( T^mra 
* \ + 270 mm 

1 

2 

10 

30 

5 

44 

0 

23 

12 

12 

6 

2 

1 




mxcrocerphalus 

Gogebic 







2 

3 

3 

1 



819CO 













Corey 






4 

8 

o 

6 




Klinger 








2 

1 

1 

1 


Murry 








1 





Harwood 






t 

2 

l 

1 




Oconomowoc 






2 

4 

2 

1 

1 



Island 






2 

0 

2 





Geneva 



1 

3 

18 

45 

20 

13 

5 




Gordy 








l 

I 

2 



Indian Village 







1 

1 

1 




James 

Tippecanoe 

1 




1 

I 

1 







3 0 


1 
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TABLE XXXVI 


Distribution or the Katio between Ventral Length and 
Ventral-Anal Distance (AV/V) [for Typical L arUdx and the 
Subspecies microcephalus and naco 


Subspecies and Lake 

1 3 

1 4 

1 fi 

1 6 

1 7 

1 8 

1 9 

20 

2 1 

2 2 

2 3 

artedi 












i1 -22fimm 
Mlc,ugan 1 +270 mm 

l 

7 

27 

50 

2 

37 

6 

11 

9 

6 

7 

1 

3 


i 2 

1 

mxcrocephalu* 

Gogebic 





1 

1 

1 

1 

3 


1 

naco 












Corey 





1 

6 

10 

6 

1 


1 

Klinger 






2 


4 




Murry 

Harwood 




1 

1 

3 

1 





Orouomowoc 




3 

2 

2 

2 

1 




Island 




2 


1 

1 





Geneva 



12 

36 

40 

20 ! 

3 

2 




Gordy 




2 

1 


l 





Indian Village 

James 



1 

1 

1 ' 




2 

i 



Tippecanoe 



1 










TABLI XXXVII 


Frequency Distribution or the Ratio between Pectoral T enoth and 
Pectoral-Ventrai Distance (PV/P) for Typical L artedt and the 
Subspecies mtcroccphalu * and maco 


Subspecies and Lake 

1 7 

1 8 

1 9 

2 0 

2 1 

2 2 

2 3 

2 4 

2 fi 

2 6 

2 7 

microcephaly 

Gogebic 





6 


2 


1 

1 


mco 












Corey 





0 

8 

11 

I 




Klinger 



l 

1 

1 

3 






Murry 




1 








Harwood 



2 

2 1 


I 






Ooonomowoc 



3 

2 

2 

2 





1 

Island 

1 


2 


1 







Geneva 

1 

3 

14 

28 

26 

23 

14 

2 

I 



Indian Village 

l 




1 

1 






Gordy 



l 



1 

1 

1 




James 



I 









Tippecanoe 



1 

1 















Coregonid Fishes 
TABLE XXXVIII 


425 


FREQUENCY DlBTttlBUTlUN OF THE NuURPR OP Gil IKAKKHS ON THF FlRMT 

Branchial Arch for the Various Hacks or (ortgonua elupeajormia 


Buupbciu and Lean 

22 

2.1 

24 

25 

20 

27 

28 

29 

30 

31 

33 

33 

tlup*nform\» 













Michigan 



l 

0 

44 

43 

42 

11 

1 




Torch 

latu* 





- 

5 

2 

2 





Eric 

i 



3 

18 

21 

35 

20 

2 




Walnut 

luw-lonlofurMii 


1 


l 

1 

5 

e 


2 




Winnepeaaukee 

OUego 

Bmu 

Glacier 




l 

1 

1 

1 

5 

1 

1 

3 

l 




Umeaekle 

i 




2 








Champlain 

Chary 





1 

1 








Kiwaeea 

1 




2 

l 







Clear 




1 

1 








Eagle 

Upper Saranac 

i 


1 

1 

2 

1 

1 

1 

1 





Lower Saranac 




1 









Stmooe 

I 


1 

1 

1 








Mbdemoya 

Upper Bt. Mary a 

1 

1 



2 

1 

l 

1 

2 

1 






Blakowit 1 




11 

8 

4 







Btone ) 

[ 




4 

S 

4 

3 

1 




Athabaaka 

1 



l 

2 

1 







Granite 1 





1 


3 




[ 


Upper Stony 



1 


1 








Th trace 
pu1 /ihH 

Gulliver 



1 

2 

1 

1 

1 1 



1 

3 

1 

AUegaah 

j 










1 


Chateaugay 

Bturgeon ! 

Chleogan 1 

dtutint 

1 

i 

1 









2 

2 

1 

1 

Decor 

1 



1 

6 

13 ' 

29 

20 

24 




Trout 

medorae 

t 

1 


1 

1 

12 

25 

10 

3 





Med ora 

I 






5 

5 

4 

8 

1 

1 

<tonl«yt 

Croce Lake 

| 1 



3 

15 

2 







Fcnobceot 

Teloc 

Eagle 

Square 




1 

1 

1 

1 

1 

1 











Frequency Distribution op the Number of Lateral Live Scales for the A Races of 

CortQonu* dupeaformis 


Walter Koelz 



Upper Saranac 
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TABLE XL 

Frequency Distribution or tub Ratio or the Pectoral. Length and 
THE PECTORAk-VrNTRAL DlBTANCK (PV/P) fOR THE VARIOUS FORKS 
or Cortqonu* dupcoformut 


SUBBPECIEB AND 

I ARE 

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 

1 0 

2 0 

2 1 

clujuaformti 
Michigan —260 mm 





6 

6 

7 

8 

11 

4 

Torch 

lulus 






3 

3 

6 



Erie 





1 

3 

4 

0 

1 


Walnut 

neo-hnnUmtensis 


1 


2 

4 

6 

5 


1 

1 

Winnepeaaukce 





1 






Otaego 

1 

1 

1 

3 

2 

1 





Beau 


1 


1 

1 






G lamer 

Umsaskui 

l 

1 


1 


1 





Champlain 

Chasy 


1 


1 







Kiwaasa 



1 

1 

1 






Clear 




2 







Eagle 

Upper Saranac 


1 


2 

4 


1 




Lower Saranac 
Simcoe 




1 

i 

2 

1 





Upper St Mary « 
SisJtowit 


1 

1 i 

i 

4 

7 

1 

8 

2 

3 

2 


1 

Stone 

1 

6 

6 

e 

3 






Wabigoon 

Athabaaca 


i 

2 


1 

1 





Gramte 


1 

1 

i 


1 





Upper Stony 

Thames 


2 

1 

2 

3 

1 

1 






miUwert 

Gulliver 


1 

2 


1 






Allegaeh 



1 








Chateaugay 

1 

1 

3 

2 


1 





Sturgeon 



i 



l 





Chico^an 

dutUm 



1 








Desor 



2 

8 

7 

1 

4 

i 1 



Trout 

nwdorae 

a 

0 

12 

10 

8 

6 

2 

3 



Modora 

ttanUyi 



1 

6 

7 

e 

4 




Cross 


2 

12 

7 

2 

i 





Penobaoot 

Teloa 


1 

1 



2 

1 




Eagle 


1 









Square 



1 

1 



Tt-: 
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TABLE XLI 

Frequency Distribution or the Ratio between Body I fngth and 
Head Length for the Typo Races or the Various Subspecies or 
Cortfonui 


taainciu 

3 7 

3 8 

3 0 

4 

4 1 

4 2 

4 1 

4 4 

4 fi 

4 6 

4 7 

4 6 

tianltys ~ 206 mm 







1 

1 

4 

A 

7 

3 

dup«4A>rMM - 300 mm 






2 

6 

12 

10 

10 

9 

14 

latui + 300 mm 











6 

A 

nt^ltaUenwfuu 340 mm 
midora * - 376 mm 
tfuafuit - 300 nun 
fuUiwri 216-803 mm 

| 1 

i 


1 

4 

4 

7 

A 

1 

1 

1 

d 


0 

1 


TABLE XLII 

Frequency Distribution or the Ratio between the I bngth or the 
Body and the Lenqth or the Head (L/H) in Races or Pmopium 
quadnlaUrcde 


Lake 

4 5 

4 0 

4 7 

4 8. 

4 9 

17 

5 1 

5 > 

5 3 

5 4 

5 h 

5 6 




2 

4 

i 

3 

4 

20 

5 

8 

5 

2 

! 7 

7 

4 

1 

Mirror + 200 mm 

Clear Pond + 200 mm 





1 

1 

l 






Big Clear + 200 mm 
Adirondack* ” + 200 mm 




2 


1 

1 






Croat + 200 mm 



2 

3 

3 l 

1 







Umuaku - 218 mm 

Village -f 200 mm 

1 



1 


i 




1 



Newfound + 200 ram 

Chaiy - 215 mm 


2 

7 

7 

3 



1 
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TABLR XI Ilf 

tHEgiiKNcr Distribution or thil Ratio bitwfkn Tut Vfntral-Anai 
DlftTANCK AND THF VlNTRAl TFNdTH (AV/V) IN THE RaOCM OF 
Pronopium quadnlaicrttlv- 


I AKF 

I 0 

I 8 

l 9 

2 0 

2 1 

2 2 

2 J 

2 4 

Michigan* 





0 

7 

12 

2 

do 





13 

12 

6 


Mirror 







1 


Clear Pond 

Rig Clear 
* AdirondtiLka 





l 

o 






1 

2 




Crow 

1 


1 

0 

1 

1 



Umsaskis 

Village 




1 

1 



l 

Newfound 

C bazv 



3 

1 

"i 

5 


* 



* lor sire of specimens see Table XIII 


TABLP XLI\ 

Ftll 1 QUENCY DlrtTniBUTlON OF THF RATIO RFTWEFN THE PECTORAL-VENTRAL 

DiffTANffr and Pectoral Lenoth (PV/P) in the Rackh of Protojnum 
quadnlaterale 


Laic* 

Ii 

1 

1 4 

1 1 5 

1 0 

1 7 

1 8 

t 9 

2 0 

2 Z 

2 2 

Michigan * |! 





■ 

1 

4 

7 

10 

3 

do 





0 

17 

15 

4 


Mirror 1 

Clear Pond 1 



1 

1 

1 





Big Clear 

“Adirondacks i 





1 





t 



1 

1 





Cross i 
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TABLK XLVI 

Frequency Distribution or the Number or Giccrakerb on the First 
Branch! \l Ancu in Racib or Proeoptum quadrilaterals 
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OBSERVATIONS ON THE LIFE 'HISTORY 
OF RHEUM ATOBATES RILEY I (BERG) 
(HEMIPTERA -GERRIDAE) * 

J K GW\NN SI I VE\ 

gOME knowledge of the oviposition and nymphal instars of the 
crooked-legged water-strider, Hheumatobalea rtteyx, has been 
desired since the discovery of the species in July, 1890 It is tht 
intention of the writer to describe certain features of the biology 
and the general life-history of this peculiar bug The Michigan 
form has been described as R riltyt var palotn by Blatchley 
This work was done under tho direction of Professor H B 
Hungerford, at the University of Michigan Biological btation 
during the summers of 1927 and 1928 The author also wishes 
to express indebtedness to Professor George R La Rue, for use 
of the facilities at the Biological Station, and to Professor Paul S 
Welch, for aid and helpful suggestions 

Rhewnaiobaies nleyx was desentx'd by Bergroth (1891) from 
one specimen collected on Long Island, New York Rilev and 
Howard (1891) gave a description and figuto ot the male of this 
species Heidemann (1893) collected many specimens from the 
Potomac Canal near Washington and sent them to Riley Riley 
and Heidemann attempted to show a normal and an abnormal 
type of male in this species and gave an account of the sexual 
dimorphism Ihere was included a description of the nymphal 
forms of both the “abnormal” and the normal males According 
to Heidemann, the stnders are able to dive under the surface of 
the water when someone approaches 1 hoy are very shy creatures 
Bergroth (1908) showed that the forms described by Riley and 
Heidemann as "abnormal’' are really the true R rileyi , and tho 

* Contribution from the Biological Station and the Zoological laboratory 
of the University of Michigan 
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ones that he thought to be normal were R ienuipes He also 
includes the statement that members of this species arc able to 
live only on running water and that therefore it- would be a diffi¬ 
cult task to culture them in the laboratory Hungerford (1919) 
states "that three summers have failed to disclose the nature of 
the oviposition ’ He also d( scribes some very interesting food 
habits which the writer has liecn able to verify 

OFNEIML STATEMENTS 

The male of R rileyi (Jug 1) is v<rv much different from the 
female of this speciis Among the Henuptera one is unable to 
find a genus of bugs that shows more variations from the normal 
form The clasping antennae, t he peculiar twist of the hind 
femora, and the attar hment of the hind tibia apart from the 
apical end of the f( mur are all points of differentiation A peculiar 
characteristic of this species is thi great curvature of the hind 
femora Whtn they are at rest- the y will form almost a true circle, 
so great is the curvature 

The funalc of R nleyi (lug 2) *Um s not show so many bizarre- 
shapes I hr antr nnae n scmblr those of thr other grrrids, tho 
hind femora arc nrithtr twisted nor curved, ami the tibiae are 
attached directly to the apical end of the femora Thus, the 
sexual dimorphism of the species is as well demonstrated here as 
in any other members of the ordrr Hcmiptcra In addition, tho 
female possrsses a sword-shaped ovipositor 

Methods 

COLLECTING APPAHATOS 

The ordinary dip-net was far too coarse to bo used in collecting 
those wttter-stndere and the regular collecting ml was not service¬ 
able because it would destroy the specimens by the force of the 
water going through the mesh A large-size milk strainer was 
secured and tho top covered with a tine-meshed bolting cloth that 
was drawn taut A handle was attached to the net so that it 
could lie manipulated accurately and swiftly Two buckets were 



435 


Rheu?natoba(e8 nleyi 

provided, om smaller than tho other, so that the larger might be 
partially filled with water and the smaller supported in it In thin 
manner the vibration of th< motor boat would not too greatlv 
disturb the insects while they were being transported to the 
laboratory The collector, in order to get is close as possihU to 
the surface of th< water and not disturb the stridtrs, had to ait 
on the edge of the boat and collect in a very deliberate manner 
After a number of specimens were caught in the net, it was m 
vertod over the smaller bucket, which was partially filUd with 
water, and the insects were shaki n out upon the surface of the 
water Some of the bugs would break through the surface him 
l>ecauttp the force with which they win thrown into the bucket 
was too great, and these would have a difficult tim< gi tting back 
again to the surface It was noted many turns, howt ver, that, 
if they were undi r the surfaet at the beginning of the trip from 
the place of collection, they would he on the surface by the time 
they reached the rearing jars This was due fiossibly to the con¬ 
tinual breaks in the surface film produced by the vibration of the 
outboard motor, which pi rmitti d the insects to gain the surface 
The shaded aquarium building and thi sunny insectary were 
used as shelters for the rearing jars Several contain! rs partially 
filled with water were used, the size \arying from that of the 
finger-bowls to the larger battery-jars Only one pair of sj>eci- 
mens was placed in the smaller contmm rs, whili in the larger ones 
many were reared 


HAIUTAl AND D1STKIB1 HON 

The only specimens of R nleyi colli eti d in flu region of 
Douglas Lake were found on Bissiy ('reek, about two hundred 
feet from its entrance into the lake and thence onward upstream 
for about one fourth of a nule They were never found on the 
rapidly running parts of the creek, but only on the very slow 
running areas The shore-line in this particular purt of tho creek 
was covered with sweet gale (Mynca gale), the br inches of which 
bent over so that a large part of the foliage was in direct contact 
with the water In addition, there were many water-lilies ( Nym - 
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phaea and Castaha), and an abundance of Potamogeton The creek 
was filled with old logs and many kinds of d6bns which made 
passage of a boat difficult Larger trees bordered the shore-line 
for the entire length of the crock so that the water was shaded 
during the larger part of the day 

On Besscy Creek, the watcr-stnders seemed always to prefer 
the more protected parts where the water was running very slowly, 
and where there was an abundance of submerged or emergent 
vegetation They were seldom found on the sunny part of the 
water surface, but rather in the shaded portion If ostracods or 
partially drowned small insects were present on or near the surface, 
the bugs would congregate there From notes of previous workers 
it seems that this species may and often does prefer the swiftly 
running streams According to the writer’s observations, it is 
rather difficult for this Bpecies to survive on such water, since 
almost any ripple will put these bugs under the surface 


LABORATORY CULTURE 

Containers in which the nymphs and adults were raised have 
already been described in another section of this paper The 
water in these containers, although varying m depth with the 
type of receptacle used, was changed daily m some of them and 
by continuous stream m others With each change in water, the 
particles that hud collected on the surfaoe were removed, so that 
they would not hinder the striders in their movements The roar¬ 
ing jars were always kept covered with several thicknesses of fine 
cheesecloth to prevent the entranoe of most kinds of debris, or 
to retain any winged forms which might emerge The water was 
changed more frequently in the msectary rearing jars which were 
placed in direct sunlight, than in those in the aquarium building, 
since they were more exposed Two of the larger insectary con¬ 
tainers had a continuous water supply from a large reservoir 
which was kept full of unmodified lake water 

The insects in the rearing jars were fed daily on a variety of 
the smaller Insects taken in the sweepings around the Biological 
Station Those insects remaining uneaten were removed on the 
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following day, when the water was changed, so that conditions 
remained fairly constant Occasionally, as the cham-e prest ntc d 
itself, a number of oetracoda were introduced into the jars, and 
these were generally eaten immediately 

Biology 

GENERAL POOD HABITS 

R nleyi is not a very discriminating insect as regards food, 
provided it can be t aU n easily and rapidly In a habitat contain¬ 
ing many ostracods, this bug has been seen to scoop up one and 
run around on the surface of the water with the small prey on 
the end of the upturned beak Likewise, if any of the smaller 
insects, especially Diptora and Homoptt ra, fall into the water, 
the bugs will immediately pierce them with the beak, raise them 
on the end of it, and run around continually until all of the usable 
material is removed from the body, after which it is cast aside 
If stnders are smaller than the insect that is to servt as prey, 
several will congregate about it, and will soon devour all the 
available nourishment Thpy have not been observed by the 
writer feeding on any animals larger than insects or smaller than 
some of the ostracodB They feed entirely on animals and are 
generally predacious, although they will become scavengers when 
deprived of food for a long time They have been known to feed 
on dead members of their own species 

TREDATORY HABITS 

These bugs frequently attack insects that are olive and have 
just fallen into the water At such times th<y kill the prey by 
piercing it with the beak and throwing it up above tho head, so 
that it can struggle very little If the insect that thiy wish to 
prey upon is larger and more powerful than they are, they pierce 
it many times, then proceed to feed at once Often the stnders 
will enter into struggles with other insects and the wnter has 
observed the would-be predator killed and the intended prey 
escape This is, however, very rare and has bt i n observed only 
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twice, once in a combat with a small wasp ( Evamtdae ), and, the 
other time, with a fly that csca{>ed before it was collected Can¬ 
nibalism has not been observed in this specieR, nor has fighting 
been seen within the group 

NOCTURNAL UFK 

Although closely packed together on the surface of the water, 
the stnd( rs feed more actively during the night than the day 
Likewise, mating is essentially a nocturnal phenomenon both in 
the rearing jars and in the hold However, so far as observed, 
locomotion activity differed little during day or night Striders 
in the act of mating were disturbed by a weak artificial light to 
such a degree that many of them would port as soon as the light 
fell on them Such light also caused many to cease feeding 

BHULDrNG HABITS 

R nleyi is so ver> shy that observations of the mating arc 
difficult There was available to the writer a large number of 
specimens, which made possible repeated observations on the mat¬ 
ing Generally, as has been noted above, this takes place at night, 
that is, just after twilight However, it has been observed during 
the day m the rearing jars as well as in the natural habitat 

The peculiarly shaped antennae of the male are very useful 
in the mating process In copulation the> an* curved in such a 
way that the base of tho first stgmont lies just above the first 
antennal segment of the female Near the distal end of the first 
sogment the antennae of both fern tie and male are almost parallel 
The third segment of the antennae of the female is placed above 
the third segment of the male and In this manner passes over at the 
disk-liko organ on each antenna of the male In some instances 
the antennae of the female pass directly ovir the disk-hke organ, 
at other times, it passes on either side of it Immediately behind 
the dorsal placement of the female antennae, there is a bend in 
the joint between the lust two segments, so that the fourth seg¬ 
ment extends again below to the male antennae and is twisted, so 
that it is caught in the subupical spur on the fourth segment In 
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this manner the clasping of the fernali antennae by the male is 
so complete that there is little doubt that this strange antennal 
structure is an adaptation for mating 

In mating, the mcsothoracic kgs of tht male are lifted clear 
of the water and are held in a horizontal position at right angles 
to the body The female generally makes use of the mesothoracic 
legs as organs of locomotion, since there is no cessation of move¬ 
ment dunng mating The metathorucic kgs of the male are 
curved around those of the female Th< curvature of the femora 
of the male encircles those of the female and the tarsi of both 
touch the water and perform their usual task in locomotion 

Additional features of mating do not dtfftr essentially from 
those of the other girnds, so that then is little use in describing 
them in this paper 

* OG-I A1 ING* HA hits 

The writer has observe d one fomalo in the act of oviposition 
It was resting on a floating Potamogeton leaf, with the ovipositor 
inserted in the tissue just at the base of the leaf Examination 
of the stem of the plant rt vealed five eggs placed centrally in the 
interior, with very indistinct punctures in the epidermis of the 
plant showing where the o\ lpositor had entered Thisc puncturis 
were a little more than a millimeter apart on the same side of 
the stem 

After the method of oviposition had been discovered, a large 
quantity of Potamogeton was collected and exammod for eggs 
Four groups of eggs were found, varying in number from three 
to nine in the various stems 

The writer is unable to state whether the stnders make use 
of other sorts of material or not-, and the numtxr of egg groups 
found is too small to permit any conclusion as to the regular 
number deposited at one time It is hoped that more complete 
data will be secured during the coming summer (1930) 

GENERAL HABITS 

In all the mstars, these insects are both very gregarious and 
shy Apparently, the first and second mstnr nymphs exhibit these 
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characteristics much more than do any of the older forma. All 
the stridors, from the third instar to the adult, move smoothly on 
the surface of the water, the first and second instara hopping along 
rather than moving evenly A collecting not drawn over the sur¬ 
face of water supporting a large population of very young bugs 
secures many individuals because in this stage they are less active 
and more aggregated This collecting method becomes less effec¬ 
tive with increasing infitars, owing to the greater activity of the 
animals, so that very few adults arc collected with ease 

On damp cool days the insects congregate near the bank of 
the stream, many times under the overhanging sweet gale or 
branches of willow which dip down into the water On warm 
days they may bo found in tho center of the stream, where the 
shade is less dense, but generally not in the sunshine They are 
seldom at rest, generally moving continually over the surface of 
the water in search of food If they are disturbed, they will move 
very swiftly and seek some sheltered comer or nook, after which 
they are very hard to find and collect 

R rtleyt is gregarious not only with members of its own species, 
but also with those of different genera and species It is not at 
all uncommon to sec individuals of Gems and Trepobalea mixed 
in a group of Rheumalobales It has been stated in the literature 
that different species of thus genus will many times be found with 
R rtleyt , which explains the confusion that has arisen m the species 
of this group On Bessey Creek there was only one species of 
Rheumalobales, so that the writer could not verify these records 
In Dallas County, Texas, the writer frequently observed two 
species of this genus, via , R hungerfordi and R tenuipes, in the 
same group 


LIFE-HISTORY 

Tho entire life-history of /£ rtleyi was worked out in two 
different wayB and both checked in all details Tho first method 
was that of rearing tho instars as they were brought in from day 
to day and preserving some from each of the stages At the end 
of the aeries five different instars had been raised in the rearing 
jars In the second method, collections made daily from the creek 
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yielded a series of specimens representing the successive mstars 
as developed in nature The results of the two methods ugretd 
m all details Fggs collected from plants in the field and fully 
developed eggs dissected from females hatched in due time, thus 
providing the first nymphal instar The stadia were all about 
eight days long 


>ao 

Whitish-gray, elongate, cylindrical, with one end slightly 
pointed to blunt, opposite end fliitta n< d to round, tearing one 
short projecting micropyle (Fig 8) 

Size — Length 0 680 0 740 nun , width 0 190 0 220 mm (pre¬ 
served material) 


FIRST INBTA.R 

Stze —Length of body 0 837-0 963 mm Width of head, 
including eycB, 0 442-466 mm (preserved material) (See ! lg 7 ) 
Shape — Flattened, width of meaothorax two thirds of length 
of body Length of prothorax ono half that of abdomen Width 
of head, including eyes, equal to width of abdomen at second 
proximal segment General form of body subovate with distinct 
indentation between meso- and metanotum 

Color — Head Y-shaped suture, ventral margins and central 
portion of pronotum, lateral and central portions of mesonotum, 
trochanter and proximal portions of meeothoraoic legs, lateral and 
enlarged central portions of mesonotum, proximal part of m< ta- 
thoraoio legs, dorsum of abdomen and entire sternum, all browmsh- 
yellow Eyes, head capsule (with exception of Y-shaped suture), 
anterior plates of pronotum, lateral plates of mesonotum, coxa< 
of mosothoracic legs, small lateral plattB of metanotum, coxae of 
metathoracic legs, pro-, meso- and metathoracic legs dull oupreo- 
brown 

Structural peculiarities — Antennae, four-segmented, second 
segment bearing two bristles and much smaller than first, third, 
or fourth Pronotum with two bristles just caudad to eyes 
Front tarsi two-segmented, hairy Trochanter of mesothoracic 
legs bearing two prominent bristles, tarsi one-segmtnted Femur 
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of metathoracic leg tw isted, tarsi one-segmont* d Abdomen with 
seven segments, dorsal portion of eighth present 

SECOND IN8TAU 

Size —Length of body 1 023 1 113 mm Width of head, in¬ 
cluding eyes, 0 534-0 581 mm (preserved material) (See hig 6 ) 

Shape —Slightly rounded, width of mesothorax slightly 
greater than one half of length of body length of prothorax 
slightly greater than one third of length of abdomen Width of 
head, including eyes, oru fourth gn ator than abdomen at widest 
part General form of body slightly oblong, subquadrate, inter¬ 
rupted by distinct indt ntation tietween meso- and metathorax 

Color --Basal segment of anbnnae, Y-shaped head suture, 
median and extremely lateral portions of pronotum, trochanter 
and femora of prothorauc legs, narrowly median and widely lateral 
parts of mesonotum, trochanter and proximal parts of mesotho- 
rnoic legs, median portion widening posteriorly and lateral margins 
of metanotum, trochanter and proximal portion of metathoracic 
logs, wide median and narrow latt ral parts of abdomen, and ventral 
side of thorax all a dull cupreous yellow Head capsule, inner 
lateral plates of pronotum, coxae and tarsi of prothoracic legs, 
wide lateral plates of mesonotum, coxae, distal parts of femora, 
tibiae and tarsi of mesothoracic legs, lateral posteriorly narrowed 
metanotal plates, coxae, distal portions of femora, tibiae and tarsi 
of metathoracic legs, posteriorly narrowed abdominal plates, and 
extreme tip of abdomen, a dull bronzed brown Last three seg¬ 
ments of antennae varying in intensity of brown from tho second 
to the last Eyes reddish-brown 

Structural peculiarities —Antennae, four-segmented, first and 
third segments of almost equal length, second segment one half 
of length of fourth, third segment supporting two very prominent 
hairs Tylus with one small hair on either side at base One 
prominent hair on either side of head at origin of Y-shaped suture 
Two bristles on prothorax just posterior to each eye tront tarsi 
two-segmented, first tarsal segment hidden, second with two 
bristles on the subapical end Tibia bearing two bristle# on under 
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side Beak throc-sc^nented, apical end inserted Ik tween coxae 
of prothomuc legs Ihrec prom mint hairs on tin middle tro¬ 
chanter, tarsi one-segmented, ventral side of middle trochanter 
with small cavity surrounded by hairs Hind ft mom twisted in 
proximal upptr third, tarsi onc-segmented, abdomen with wvld 
segments 


mini) TNHlAlt 

Size — Length of body 1 102 1 098 nun Width of he id in¬ 
cluding cyt s 0 581 0 639 (pnw md material) (St i hig *5) 

Shape - Female, oblong, tapering at the posterior end Male 
slightly rounded, subtruncute at posterior end Indentation be¬ 
tween meso- and inetathorax mor< pronounced in malt th in 
female Mah, It ngth of body slight 1} more than half tin width 
of mesothorax Female, length of body less than two thirds 
greater than width of mesothorax length of proiliorax one fifth 
of length of abdomen Male, length of prothorix great* r than 
one third of length of abdomen, width of head, including e>is, 
only slightly gnater thin width of abdomen female, width of 
head, including eyes, equal to width of ibdomen 

Color —Proximal portions of first and third antennal seg¬ 
ments, Y-shaped suture on he id, of male and female a dull 
brownish-yellow Wide median and narrow margins of pronotum, 
trochanter and femora of prothoraeie legs, median portion widen¬ 
ing posteriorly, and lateral parts of mesonotum, trochanter and 
proximul portions of femora of mcsothoracic legs, middle portion 
widening posteriorly and connecting with lateral portions one half of 
length of metanotum connecting very narrowly with lateral parts, 
trochanter and proximal parts of mctathoracic legs, median and 
lateral portions of abdomen (median widening posteriorly and ex¬ 
tending to lateral part on each stgment, with slight inert ase in 
each posteriorly), and last segment of abdomtn in female all a 
dull brownish-yellow Distal portion of first and third antennal 
segments, second and fourth antennal segments, head capsule, 
distinct plates of pronotum, coxae and tarsi of prothoraeie kgs, 
lateral plates of mesonotum and narrowing posteriorly, meso- 
thoracic coxae, distal portions of mcsothoracic legs, lateral plates 
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of mctanotum narrowed posteriorly and interrupted near center 
for slight spnc*, metathoracic coxae, distal four fifths of femora, 
all tibiae, tarsi of metathoracic kgs, dorsal lateral plates decreasing 
from the first to the Beventh, and apical end of female abdomen, all 
a cupreous brown Lateral and median portions of mesonotum, 
lateral parts of metanotum, lateral portions of abdomen, tro¬ 
chanter and proximal parts of pro-, meso- and metathoracic legs, 
a dull brownish-yellow Remaining parts of l>ody with exception 
of eyes, dull cupreous brown hyes in male and female reddish- 
brown 

Structural peculiarities —Antennae, four-segmented, first and 
fourth segments thick* nod in the male, hrst and third of almost 
equal length, first slightly longer in male, second segment one 
third of length of fourth in male, second segment slightly loss 
than one half of length of fourth in female, third segment of 
antennae bearing three prominent bristles Base of tylus with 
one hair on either sidf Two hairs on cither side of head at ongin 
of Y-shaped suture Two pairs of hairs just antorior to eyes, two 
pairs of hairs just posterior to eyes Front tarn two-segmentcd 
Tibiae bearing three bristles on ventral side First segment of 
tarsus almost hidden, second elongate, notched on inner side, 
notch bearing two prominent hairs Beak three-segmented, apical 
end inserted between prothoracio legs Middle trochanter bear¬ 
ing few obvious hairs, excavated on ventral side, mcsothoracic 
tarsi one-segmented Hmd femora twisted in proximal portion, 
enlarged greatly in male, on apical end, usual form in female 
Metathoracic tarsi ono-eegmented Abdomen seven-segmented, 
in male rounded and enlarged posteriorly, in female tapenng 
equally to point tirst mstar to show sexual dimorphism 

FOURTH 1NBTAR 

Size — Length of body 1 681-1 907 mm Width of head, 
including the eyes, 0 767^0 790 mm (See Fig 4 ) 

Color — Variable, resembling closely that of the third matar 
nymphs (preserved material) 

Structural pecuharUtes —Sexual dimorphism exhibited as in 
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third mstar Morphological characteristics not changing in form, 
dimensions increasing in proportion to size of insect Differences 
in third and fourth matar fourth has tnon bristles, mcsonotal 
plates reduced, mctanotal plates increased, ubdominal platcH much 
more obvious, abdomen of male roundi d posteriorly 

FIFTH INSTAR 

Size — Length of body 2 i2ff 2 465 mm Width of hi ad, in¬ 
cluding the eyes, 0 884 0 907 mm (preserved mat*rial) (See 
Fig 3 ) 

Color — Variable, resembling viry closely that of the fourth 
and third instars (preserved material) 

Structural peculiarities — Sexual dimorphism exhibited as in 
two previous instars Characteristics not altering exeept in pro¬ 
portion to growth in size A few essential points of differentiation 
are greater abundance of bristles, reduction of pronotal plates, 
enlargement of mesonotal plates, reduction of met-anotal plates, 
abdominal plates more apparent, middle tarsi two-segmented, hind 
tarsi two-eegmonted, posterior end of abdomen of male mon t lon- 
gate, posterior end of abdomen of female with more unequal 
tapenng, the apical end being elongate and tapenng more dis¬ 
tinctly than other parts 

ADULTS 

Size —Female, length of body 3 488 tnm Width of hind, 
including the eyes, 0 943 0 963 mm Male, length of body 2 920 
2 948 mm Width of head, including the eyes, 1 011-1 019 mm 
(preserved material) 

Good descriptions of both male and female arc published in 
many well-known works on the Hemiptera, so that the writer will 
not repeat them There has been one rei>ort of collecting a winged 
form of R rtleyi, but none was found on Bessey Creek The cover 
of the Proceedings of the Entomological Society of Washington has a 
picture of this form 
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STUDIES ON THE TREMATODE FAMILY 
STRIGEIDAE (HOLOSTOMIDAE) 

NO XXII COTYLURUS FLABELL1 FORM IS 
(FAUST) AND ITS LIFE-HISTORY * 

JOHN P VAN HAIT8MA 
PART I THE ADULT 

'Y'HE trematode species of the family Stngeidae here described 
as Cotylurus flabelhforvns (Faust) was first found in wild and 
domestio ducks of Michigan during the summer of 1925 Adult 
parasites of this species have a distinct cup-shaped forebody (Figs 
11 and 12), inside of which there are lateral sucking cups, charac¬ 
ters which place these parasites in the subfamily Strigeinae Railhot, 
1919 This species is further characterized by a tongue-shaped 
process projecting from the antcro-ventral wall of the bursa copu- 
latrix and by the distribution of its vltellaria, whioh are confined 
to the hindbody These two characters determine the place of 
this species in the genus Cotylurus Saidat, 1929 

No species of Cotylurus has thus far boeg described from ducks 
of North America, although Rettger (1897* pp 224-225) has re¬ 
ported the finding of holostomes in ducks of Indiana The material 
which I secured from American ducks has been carefully compared 
with two descriptions of similar parasites of Europe that of Stngea 
tarda by Mathias (1925, pp 1-55) and of Cotylurus comutus by 
Sridat (1929, pp 735-739) According to Szidat, S tarda is an 
objective synonym of C cornutus Sufficient differences in size 
and structure were found to justify the description of my material 
as a new species By means of infection experiments, to be de- 

* Contribution from the Biological laboratory of CaJvm College and 
from the Biological Station and the Zoological Laboratory of the University 
of Michigan This is the twenty-eeoond of a series of studies on the family 
StrigekUe by Professor George B, La Rue, his students and associates 
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Bcnbed in Part II of this paper, I have proved that the adults 
of this species develop from Teiracotyle ftabeUtformis Faust, 1917 
(March), which in turn developed from Cercorta dougltm Cort, 
1917 (December) According to the rules of nomenclature, the 
name of this species, therefore, b t comes Cotylurua flabelhformis 
(Faust), a name taken from the first described stage of its life-cycle 


OCCURRENCE AND DISTIUHUTION OP NATURAL INFESTATIONS 

In 1926 C fiabelhformis was found in domestic ducks on poultry 
farms both north and south of Grand Ilapids, Michigan, and in 
domestic ducks raised at Ingleside, Michigan The ducks south of 
Grand Rapids in which this parasite was found lived in a swampy 
area that contained only temporary pools A search of the ground 
of this area revealed the shells of several species of small snails 
Some of them probably st rv ed as intermediate hosts of the para¬ 
site, but they could become infested with this species only when 
tho swampy ground contained enough water to maintain tho 
aquatic stages of the parasite This fact suggests tho possibility 
that the eggs of this spouts may remain viable in moist soil for 
some time 

A careful comparison of materials showed that probably the 
same species of Cotylurus was present in two wild ducks also, a 
black duck, Anaa obscura Gmehn, at Grand Rapids, Michigan, 
and a lesser scaup duck, Mania affinw (Eyton), at Holland, Michi¬ 
gan During the autumn migrations of 1926 and 1927 a similar 
parasite was found at Warsaw, Illinois, in a red-legged black duck, 
Anas rubnpes Brewst, a pintail duck, Dafila acuta (Linn ), a lesser 
scaup duck, Mania affinis (JEyton), five specimens of golden eye, 
Clangula dangvla amencana (Bonaparte) and two shovelcr ducks, 
Spatula clypeata (Linn ) The ducks from Illinois were identified 
by Mr Earl Lambert, who kindly sent me their Intestines in a 
fixed and preserved condition Owing to the fact that the speci¬ 
mens of Cotylurua of all the wild ducks had been dead for some 
time before they were fixed and preserved, I cannot be entirely 
oortain that they are of the same species as the ones obtained 
from the domestic ducks, although they appear to belong to 
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it If this interpretation is correct, the finding of this species in 
ducks from these localities indicates that it is widespread in this 
country From the foregoing records of its distribution it sterns 
probable that C flabcUtformis may bo found m ducks of any re¬ 
gion of North America containing swampy areas, lakes, ponds or 
streams which are visited by wild ducks during their migrations 

SPECIFIC DIAGNOSIS 

Cotylurus flabelhforrms (Faust) —Characters of the genus, 
forebody distinctly set off from the hindbody by a deep groove, 
forebody nearly spherical, 0 20-0 28 mm long, stroiigly flexed upon 
the slightly curved , cylindrical hindbody, the latter, 0 36-0 57 mm 
long, broadly truncate at the posterior end, diameter of the fore- 
body, 0 22-0 32 inm , of the hindbody, 0 20- 0 26 mm , one to 
four lappets of the holdfast organ often protruded from the open¬ 
ing of the forebody, oral sucker terminal, 0 05-0 07 by 0 04-0 08 
mm , nearly equal to the acetabulum, 0 06 0 08by0 04 008 mm , 
ovary, flattened-elhpsoidal, mean diameters 0 109 by 0 066 by 
0 051 mm , situated in the anterior fourth of the hindbody, the 
testes, in anterior view bean-shaped deeply incurved at the hilus, 
in lateral view heart-shaped with the apex directed doreally, vasa 
efferentia united into vas deferens in front of anterior testis, eggs, 
after laying, 0 10 I) 112 by 0 068 0 076 mm , habitat, intestines of 
domestic and wild ducks of North America 

DESCRIPTION OF THE ADULT 

The adult C flabelhformis differs in several respects from the 
adult S tarda as described by Mathias The description of S 
tarda by Mathias is general, however, and lacks many details of 
taxonomic value, so that a nice comparison is impossible On this 
account also no attempt is made here to locate S tarda in the 
revised classification of Szidat and the name S tarda is retained 
for Mathias’ species Szidnt makes S tarda synonymous with 
C comiUue, but the discussion presented in this paper will show 
that such synonymy does not follow from Mathias' description 
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The more significant differences between C comutus and C flabeU 
hformis will also be indicated 

External features — The body of C flabelltformts is divided by 
a deep constriction into two body regions, a cylindrical hindbody 
and a cup-shapcd forcbody, the former twice as long os the latter 
The body is usually strongly flexed at the junction of the body 
regions, so that the forcbody appears to be attached to the antero- 
dorsal side of the hindbody Neitlu r Mathias nor Szidat desenbos 
such a marked body flexure for their species and their figures do not 
indicate it Often the dorsal side of the forebody 1 b extended and 
its ventral side is contracted so that the opt nmg of the cup appears 
to be on its ventral surface (big 11) Both these conditions arc 
only apparent, however, since the forebody is attached to the 
anterior end of the hindbody and the opening of the forcbody is 
in reality at its anterior end b rom the opening of the forebody 
in many specimens one to four lappets of the holdfast organ may 
protrude The general color of the body is white, except that 
along the ventral half of the hindbody there is a brassy-colored 
area, indicating the location of tho brownish vitellana within 
ihc opening of the bursa copulatnx or genital poro ib large and 
funnel-shaped, and located on the dorsal surface near the posterior 
end of the hindbody In some specimens grooves are found near 
the posterior end of the hindbody Their presence and extent 
doubtless depend upon the degree of dilatation of the excretory 
spaces near them 

Measurements — Comparative measurements of C flabeUi - 
formts and of S tarda (measurements by Mathias, 1925, pp 25-26) 
are presented in Table I Ihe measurements of C flabelhformxs 
were recorded from egg-laying specimens obtained from a duck 
which was inflated daily from July 18 to August 5, 1926 On the 
latter date the duck was killed and the intestine with its contents 
was fixed in corrosive-acetic in the usual manner The specimens 
appeared to be normal, with no evidence of extraordinary shrink¬ 
age Specimens larger than the ones measured were not collected 
from any of my feeding experunents Although the details of 
Mathias' technique are not given and although he does not ex¬ 
plain how his measurements were made, it seems improbable that 
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differences in methods can account for the wide differences between 
his measurements and mine Except in the instances noted in 
the table, the measurements of C ftabeUtformts were made upon 
carefully selected median sagittal sections of the body regions and 
organs indicated, because this method seemed to be the most 
accurate Nearly all the measurements of C flabelltfonnis fall 
below those of A tarda, os determined by Mathias, and of C 
comutus, as described by Szidat The eggs of these three species 
resemble one another quite closely in size, but since eggs of several 
species of Stngeidae are known to have a wide range of size within 
the species, measurements of eggs can have only small significance 
in determining species Despite similarities m this character, the 
wide differences in the othf r measurements presented in Table I 
indicate that C flabtUtformis is distinct from S tarda and C 
comutus 

Holdfast organ and adhesive gland — In this species the hold¬ 
fast organ consists of two transverse lips, an anterior and a pos¬ 
terior, both of which are partly cleft into nearly equal right and 
left parts or lappctB (Figs 10, 12-15) These lappe ts are contrac¬ 
tile and consequently often differ greatly in size m preserved 
specimens Ihey may extend outside the cup or they may be 
folded inside in various ways The lips of the holdfast organ may 
also surround varying amounts of host tissue For these reasons 
sections of the forebodies of different individuals often present 
confusingly variable pictures Immediately beneath the holdfast 
organ there is a rather compact disk-shaped adhesive gland from 
which large processes of less compact tissue extend into the tips 
of the holdfast organ In C flabelltformie the secretion of the 
adhesive gland seems to have a corrosive or digestive action, since 
those parts of the intestinal wall of the host whiob extend into the 
cup-like forebody are always denuded of their columnar epithelium 
Brandes (1890, pp 552, 556), Muehling (1896, p 272), Szidat 
(1929, p 635) and La Rue (1927, p 226) have expressed similar 
opinions on the corrosive action of this secretion in other species 
of Strigeidae The removal of the Intestinal epithelium bringing 
the cuticula of the parasite into direct contact with the vascular 
tissue of the host doubtless facilitates the absorption of the host’s 
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lymph and blood plasma Further support for this theory of 
nutrition is derived from the fact that no blood corpuscles wi re 
found in the digestive oeca of any of the specimens examine d 

Lateral sucking cups — In metaccrcanae the lateral sucking 
cups are thought to be glandular pockets which have no adheBivt 
function, but in the adult of this species these organs become deep 
pocket-like cavities which are clearly organs of attachmt nt These 
pockets are situated posterior to and at the Bides of the pharynx 
and they extend posterad to the level of the acetabulum Con¬ 
spicuous muscle strands extend from the bottoms and sides of the 
pockets to the dorsal wall of the forebody In sections pieces of 
host tissue were often seen filling their cavities The host tissue, 
without its epithelium, was often so closely adjusted to the lateral 
sucking cup of the parasite that it was difficult to distinguish the 
boundary between parasite and host The clasping action of the 
lateral sucking cups, together with the muscular contractions of 
the forebody as a whole and of the anterior part of the cup-like 
forebody in particular, serve to attach the parasite to its host 

hollowing the description of Brandcs (1890, p 559) for Stngca 
and of Muehling (1896, pp 270, 272) for Cyathocotyle, I visualize 
the action of the forebody of the present species in accordance 
with its structure as follows During the contraction of the cir¬ 
cular muscles of the forebody some of the liquid m its excretory 
spaces is pressed into the hindbody, which therefore becomes 
turgid Then large muscles extending from the bottom and side s 
of the cup-hkc forebody to the organs and dersal wall of the hind- 
body contract forcibly and bend the hindbody dorsally against 
the forcbody This action serves to deepen the cup of the forebody 
and creates a partial vacuum in it and at the same time makes 
the forebody narrower, so that the wall of the cup and the lips of 
the holdfast organ are closely pressed against the interring host 
tissue This intimate application of the parasite to the tissues of 
the host permits the absorption of the fluids of the host by the 
parasite 

Digestive system ■— The digestive system (Fig 10) is like that 
usually found in the Stngeidae Ihe esophagus is nearly as long 
as the pharynx In this respect this species differs from S tarda, 
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In which the intestinal branches anse immediately behind the 
pharynx The digestive cecn extend almost to the posterior end 
of the animal In the hind body they are situated ventral to the 
reproductive organs In sections they usually contain a uniformly 
divided material that stains lightly with eosin and looks like the 
ooagulum of some colloid It is entirely free from the detritus of 
the intestinal contents of the host, and scemB never to contain 
blood corpuscles or other cellular elements Mathias (1925, p 30) 
has shown experimentally that Strigea tarda ingests liquids and 
substances in solution, but not solid particles His findings may 
also explain th< uniformity of the material found in the digestive 
ceca of the present species C flabelliformts , therefore, st ems to 
employ two methods of obtaining nourishment first, by the ab¬ 
sorption of the nutritive material from the host through the cuticle 
of the holdfast organ and the inner surface of the cup-iiko forebody, 
and second, by the ingestion through the oral sucker and pharynx 
of some of the liquid contents of the host's intestine or of the di¬ 
gested epithelium of the intestinal wall itself 

Nerve strands (Fig 17) —Ihese extend posterad from the 
pharynx lateral to the digestive ceca of the fort body 

Excretory system — As in Crasstphiala bulboglossa mihi (Van 
Haitsma, 1925, p 124), there are four main excretory vessels in 
the hindbody of C fiabelhformis, two dorsal and two ventral The 
two dorsal vessels lie dorsal to the reproductive organs They 
extend forward from the region of the bursa copulatrlx and umto 
into a single median dorsal vessel near the anterior end of the 
hindbody Owing to uum( rous anastomoses with the subcuticular 
network of excretory spaces on the dorsal side of the animal, th< y 
are less distinct than the two ventral vessels, which have fewer 
anastomoses with the subcuticular excretorj network Jn an early 
developmental stage of the adult the courses of the dorsal vessels 
were traced to their junctions with the ventral vessels (lugs (F8) 
between the bursa and the posterior testis In sexually mature 
adults the region between the bursa and the posterior testis is 
occupied by excretory spaces traversed by numerous parenchyma 
strands, so that the dorsal vessels here arc not so definitely trace¬ 
able at this stage of development The two ventral vessels of the 
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hindbody art much more definite and distinct than the dorsal 
vessels, since they anastomose lees frequently with the subcuticular 
excretory spaces These vessels extend, one on the left, the other 
on the right, along the descending limb of tin uterus They cor¬ 
respond to the “ Uterusgefasst 9 which Krause (1914, p 132) de¬ 
scribed for the henustomes In the early developingntal stage of 
the adult (Figs 3-6) they connect with a \ery short common 
excretory vessel which opens terminally at the excretory pore, but 
in the sexually mature adult the posterior parts of the two v< ntral 
vessels could not be traced to the excretory port lhe difficulty 
here is du< to numerous anastomoses with the subcuticular ex¬ 
cretory spaces and to the presence of many parenchyma strands 
which traverse the excretory complex in this region Near the 
anterior end of the hindbody the two ventral vissils converge and 
unite to form a short, narrow transverse vessel with which the 
median dorsal vessel connects (Pig 10) 

hrom this trausverw vessel a short median vessel extends 
antcrad along the \cntral side of the forebody, where it. soon be¬ 
comes lost in a large complex of excretory spaces A similar but 
somewhat larger vessel joining the median dorsal vessel of the 
hindbody extends along the dorsal side of the cup Posterior !o 
the acetabulum this median dorsal vessel of the forebody sends a 
branch into the ant* rior lip of the holdfast organ Another small 
branch extends through the adhesive gland dorso-ventrally and 
joins the median dorsal vessel of the fort body with the median 
ventral vesw 1 of the same body region This mi dian dorso ventral 
vessel of the adhesive gland is also connected with the median 
dorsal vessel of the hindbody by nu tins of a short ant* ro-posti nor 
vessel that traverses the center of the adhesive gland Two 
branches from the median dorso-ventral vessel of the adhesivi 
gland ixtend anterad, one into each lip of the holdfast organ 
These branches soon divide into secondary branches (I*ig 10) 
whose courses were not completely traced 

As in other strigcids, there is also in the present sptcu s a pi nph- 
eral network of excretory spaces in both fore body and hindbody 
(Figs 3-9,14-16,18 20) Along the ventral Bide of the hindbody 
they arc separated from the ventral vessels by the vitellana These 
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spaces are larger in the lateral regions of the hindbody than along 
its ventral side In the posterior part of the dorsal side of the hind- 
body they may be so large as to make the surface bulge out and 
thus cause superficial grooves to appear between them (Figs 
11-12) For the sake of clearness these peripheral spaces were 
not represented in Figure 10 

txcept for the median dorso-ventral vessel of the adhesive 
gland the pattern of the excretory vessels of C flabelliformis , as 
far as it was traced, agrw s in the mam with the elaborate results 
of the study of Those (1897, pp 34^42) on the excretory system 
of C vanegatus (= Holostomum cuculius Thoss) According to 
Mathias (1925, p 27), the excretory system of S tarda consists 
of a deeply lobed excretory vesicle from each lobe of which a 
lateral canal extends forward In C flabeUtforrme a definite ex¬ 
cretory bladder distinct from the four main canals of the hindbody 
was not observ( d Possibly parts of the subcutaneous excretory 
spaces (bigs 1&-20) correspond to the lateral canals of S tarda 
The three-line description of the excretory system of S tarda by 
Mathias, unaccompanied by figures, is too brief to be clear and 
makes impossible a thorough comparison of the excretory systems 
of these two species Swdat does not describe the excretory system 
of C rornutue 

The functions of the excretory system appear to be more com¬ 
prehensive than its name implies Since this animal has no dis¬ 
tinct circulatory system and since the digestive system seems to 
be inadequate for the distribution of nourishment to the cells of 
the body, the distribution of nutriment is probably carried out by 
the excretory system The assumption of the circulatory function 
by the excretory system appears still more probable if nourishment 
is absorbed through the inner wall of the cup-like forcbody, as 
was suggested above 

Male gential system. — The two testes are located in sc nee and 
occupy the second and third fourths of the hindbody (Fig 2) 
In general they are nearly bean-shaped as seen in anterior view, 
and their concave surfaces are directed ventrally They are also 
somewhat thinner in their median region than laterally In side 
view the testes ore shaped like hearts with their apioes turned 
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dorsally Owing to their irregular shapes, measurements of the 
testes were not made Their shape differs greatly from that of 
the testes of S tarda, which are described as flattened disks 
(Mathias, 1925, p 26) 

The vasa efferentia arise from the mid ventral surfaces of their 
respective testes At first the vasa efferentia are small, incon¬ 
spicuous ducts, usually free from spermatozoa, but after a short 
distance they are dilated and made conspicuous by the spermato¬ 
zoa which they contain These dilatations are not so largo and 
distinct that they deserve the Bpccinl designation of “seminal 
reservoirs ” The anterior vas efferens (wj arches forward and 
toward the right over the surface of the anterior testis md then 
bending backward unites with the posterior vas cflh rens (ec 2 ) 
Tho posterior vas efferens also bends forward and toward the 
right from its point of origin and unites with the ante nor vas 
efferens about midway on the ventral surface of the nght half of 
the anterior testis h rom this point of union of the vasa offc rentia 
the vas deferens extends raesad and posterad between the vasa 
efferentia On the ventral side of the postenor testis the vas 
deferens becomes dilated into the large spindle-shaped seminal 
vesicle This vesicle practically fills the space formed by the arch 
of the posterior testis Posteriorly and dorsaliy the seminal vesicle 
empties into the globular thicker-walled ejaculatory pouch From 
this pouch the spermatozoa are ejected through a narrow, coiled 
ejaculatory duct that opens into the genital atrium dorsal to tho 
opening of the uterus The genital atrium opens to the outside 
through the largo genital pore which is located dorsal to the smalh r 
terminal excretory pore The ejaculatory duct traverses a moss 
of olavate, glandular cells like the cells of Mchlis’ gland At first 
it was thought that these cells represent tho prostate gland How¬ 
ever, since their function is not definitely known and since they 
appear to be similar to the subcuticular gland cells (Krause, 1914, 
p 106), it may not be justifiable to characterize them as a prostate 
gland Muehling (1896, p 274) describes such a prostate for 
Cyathocoiyle prumca Muehling, and Those (1897, p 49) a similar 
one for C vartegaiiut (Crcpl ) Tht prostate which Brandos (1890, 
p 563) attributes to the genus Diplostomum appears to be a mor- 
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phologically different organ and in fact has not been found by 
recent investigators 

According to Mathias (1925, p 26), the vasa efferentia of 
S tardn arise from the antonor parts of the ir respective testes 
According to my observations, the vasa efferentia of C flabeUt- 
formis originate from the midvcntrnl points of their teBtes In 
fact, the anterior \as efferens could be traced to a point on the 
anterior testis near the posterior \entral angle of a median sagittal 
section It is regretted tlmt Mathias does not describe where 
the anterior and posterior vasa efferentia unite, since the location 
of this point of junction differs greatly according to the descrip¬ 
tions of different authors, e g Brandea (1890, p 562), Thoss 
(1897, p 47), Guberlet (1022, pp 10, 12), La Rue (1926, p 29) 
and Augustine and Unbe (1927, p 239) In C Jlabelhformts the 
relations of these ducts closely rtaemble the arrangement as found 
in Neodiplostomum cochleare (Krause), Diplostomum huroneme (La 
Rue), Pharyngo'ilomum cordatum (Diosing) according to La Rue, 
and Alarm arwaemmdes Augustine and Unbe (references above) 
The close similanty in the arrangement and connections of these 
ducts in five gem ra of the Stngeidue makes the descriptions of 
Brandes for Strigeidae, of Thoss for C vartegatua, and of Guberlet 
for D gatnum and D confusum appear doubtful Mathias does 
not dosenbe the presence of an ejaculatory pouch and an ejacu¬ 
latory duct in tarda In C flabelhformia these ejaculatory 
organs are readily distinguished from the seminal vesicle, since 
they arc thicker-walled 

Heidat (1929, p 646) describes the course of the male genital 
ducts as follows "Nur bei der Gattung Cotylurua , soweit ich 
feststellen konnte, vorlaufen die AusfUhrungsgfuige dos mann- 
lichen Gcschlechtsapparates cinfacher Hier zieht das Vos efferens 
des oberen Hodens sogleich nach unten und nur dasjemgc des 
unteren Hodens hat noch die Richtung nach oben beibehalton 
(Abb 13) Die beiden Vasa efferentia vercinigen sich hier etwa 
in Iltiho des Dotterreservoirs ” Sadat's Figure 13 of C cornulua 
entirely confirms his description It has already boon explained 
why this course of the male genital ducts seems improbable, but 
if one assumes that Szidat’s description of these ducts is correct, 
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it clearly indicates that C flabelhformis is u distinct sp< cies lh< 
different course of tht male genital ducts of C JlabeUiformis also 
demonstrator that Bzidat s conception of the courm of these ducts 
in C cornutus is not universally characteristic of the genus ( oty- 
lurus Szidat recognized a muscular ejaculatory duct m C cor- 
nulun, but did not distinguish an cjaeulator> pouch 

Female genital system (big 1) - lhc ovary is ovoid and lies 
on the anterior testis in the median rtgion of tlu body I he 
oviduct, arising from the posterior side of the ovary, usu dlv forms 
a vertical coil txfore it gives rise to Laurcr’s (ami However, 
when the hindbody straightens this coil disappears Laurir’s 
canal extends along tht middorsal line to the region )>etwcen the 
two testf s whm it opens to the outside The ovidur t accompanies 
Laurer’s canul along its ventral side, but in tht region brtwmi 
the two testes it turns sharply ventrad into Alohhs gland litre 
the oviduct is joined b> th< common vitellmt duct and then be¬ 
comes the oot>pe which o\U nds through Mehlis’ gland from right 
to left From Mchlis’ gland tht ascending limb of the uterus 
continues ventrnd and antcrad between the posterior vas effereris 
and the vas deferens along the right side of the ovury to the 
anterior end of the hindbody Bending abruptly ventrad and 
postorad it continues, as the descending limb of the uterus, m 
the median plane to the posterior end of the hindbody It exte nds 
throughout its length between the two ventrei excretory vessels 
and in the region of the posterior testis lies ventral to the vas 
deferens It opens into the genital atrium immediately vemtral to 
the opening of the e jaculatory duct 

Mehlis’ gland lies between the testes In C flabtlhformis it is 
less compact than in some other species of Stngeidac and conse¬ 
quently the fibrous network which binds its smgle-ct Hod glands 
together is more readily observed in this species In C flahellt- 
formia it consists of a large irregular mass of glandular cc Us Ma¬ 
thias did not see Mehlis gland in larda 

Ihe vitellaria arc found in a single field along the ventral half 
of the hindbody between the intestinal ceca and the subcuticular 
excretory spaces The rather large follicles are connected with 
the vitelline reservoir by means of right and left vitelline ducts, 
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which cross the inner aides of the digestive ceca Unless they 
contain vitelline material these small ducts are caBily overlooked 
The vitelline reservoir located on the left of Mehhs’ gland is nearly 
triangular both in anterior and simstrol views Near its dorsal 
anglo the vitelline reservoir gives rise to the common vitelline 
duct, which extends dorsad and dextrad around the oviduct and 
then bending ventrad and smistrad empties into the oviduct 

Genxtal airtum —This is the cavity of the bursa copulatnx 
It is irregular in shape, principally owing to a broad, tongue¬ 
shaped muscular process extending inward from its anterior wall 
ventral to the opening of the uterus This muscular process is 
Ssidat’s chief distinguishing characteristic of the genus Cotylurus 
ThiB process ordinarily nearly fills the genital atrium in C flabel- 
Uformis Its function is not definitely known, but it appears to 
be of a spcciul nature, since it is not present m all species of 
Strigeidae (Krause, 1914, p 190, and Van Haitsma, 1925, p 126) 
Its structure and position suggest that it may function during 
the extrusion of the egg or during copulation Mathias does not 
mention it in his description of S tarda According to the only 
record of observed copulation in the Strigeidae (Brandes, 1800, 
p 566), the bursa copulatnx serves as a oopulatory organ 

SYNOPSIS OK DIFFERENCES Hi TWEEN C 

AND MATHIAS' DKSUUPTION OF 8 tarda 

1 Measurements of C flabelhforms, tho whole organism, the 
body regions and various organs, fall below the limits of corre¬ 
sponding measurements of 8 tarda 

2 In C flabeUiformw the esophagus is nearly as long as the 
pharynx (Fig 17) In S tarda the intestinal branches arise imme¬ 
diately behind the pharynx 

3 There are four main excretory vessels in the hlndbody of 
C flabelliformis , two dorsal and two ventral Near the posterior 
ond of tho hindbody these vessels anastomose without forming a 
distinct excretory bladder The excretory system of S tarda con¬ 
sists of a deeply lobed excretory bladder, from each lobe of which 
a lateral excretory canal runs forward 
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4 The testes of C flabeUifomus an l>ean-shaped organs, 
thinner medially than laterally The testes of & tarda are flatti nod 
disks 

5 A Mehlis gland appears to b< lacking in S tarda In 
C fldbeUiformt8 an irregularly shaped Mehlis gland is found in 
the usual position 

6 A muscular tongue-shaped process extends into the gi nital 
atrium of C flabellifonnis Mathias does not mention such a 
process for S tarda 

PA HI H LIFE-HISTORY 

During the present d< cade several life-history studio® in the 
family Stngeidae have been made in Booth America (Lute, 1920) 
and Europe (Rusekowski, 1921, Mathias, 1922, Szidat, 1923 
and 1924), but such a study has thus far not been made in North 
America While tho present study of the life-history of Cotylurux 
flabeUifonnis (Faust) was in progress, the dissertation of Mfttluas 
(1926, pp 1 35) on the “Cycle #volutif d’un trematodo holosto- 
mido, Stngea tarda (Bteenstrup)” became available This work 
of Mathias offered the opportunity to make comparisons in tho 
life-histories of two structurally similar species of different con¬ 
tinents, S tarda of Europe and C jlabelltformw of North America 
A comparative morphological description of those two species has 
already been made in Part I of this paper 

Snail hosts — Since C JlabeUiformis resembles S tarda in form 
and structure and was found in similar definitive hosts, it was 
presumed that the life-histories of these two sptcies would not 
differ greatly Therefore various snails of Douglas Lake wtrt 
examined for tetracotyles resembling those described as Tctra- 
colylt typtca Diesing, the metacercariu of S tarda (Lilhe, 1909, 
p 163, Szidat, 1923, p 310) Such tetracotylcs were found in 
Lymnsa humih a Say, L rtflexa Say, L atagnaln appressa Buy, 
L stagnalxs perampla Walker, L emarginata angulatti Sowerby 
and Planorbts (rtvolms Say Hughes (1929, pp 496 508) described 
these tetraootyles from the same species of snails of the same lake 
as Tetracolyle flabelliformis Faust 
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214 t L tiagnahs appre**a July 1-Aug 7,19261 Died Sept 7 1926 No Cotyhirus, but eol- 

and P truxku lected eggs 

248 60 L siavnalu apprtsta July 28-Aug 3 Killed Aug 4 1927 254- Cotylurus, ma- 

1927 ture and immature 
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• Fi\e snails to three ducks 

t Fi\e hundred and twent\-mne snails to three ducks 
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General technique of experiments — During the summers of 
1926, 1926 and 1927 the four species of snails last mentioned were 
selected for eleven feeding experiments involving fifteen domestic 
ducks, as recorded in Table II During the course of the experi¬ 
ments the ducks, from three to seven weeks old, were carefully 
guarded against other than purposive stngeid infestations They 
were kept on sand in pens screened with poultry netting, about 
four hundred feet from the lake shore, where it was impossible 
for them to obtain any materials which might contain strigeid met- 
acercanae except those fed No attempt was made to screen 
the ducks against insects, since there are no records of the finding 
of metacercareu of the Strigeidae m insects The food of the 
ducks consisted of bread, lettuce, table scraps, prepared chick 
mash, and broad and milk mixed with sand Occasionally a few 
scraps of fresh beef were also fed The drinking water was pumped 
from a well 1 he snails f<*d to the ducks m the experiments were 
always crushed just before feeding When tetracotylos alone were 
to be given to the ducks they were picked from the crushed snails, 
examined and sorted microscopically and introduced into the ducks 
either by means of a pipette or by placing them in small cavities 
formed in pieces of beef, which the birds ate greedily The feces 
of the ducks were examined for strigeid eggs at the beginning of 
each experiment to determine whether the birds were free from 
parasites tccal examinations were also made at intervals during 
some of the experiments either for the purpose of collecting the 
eggs or to watch the progress of an infestation At the end of 
each experiment and at different intervals after the last experi¬ 
mental feeding the ducks were killed and their intestines were 
examined for their trematode populations Thereupon the intes¬ 
tines with their contents were shaken in water for three minutes, 
then in corrosive-acetic for one-half minute, and five or more hours 
later any trematodes that were present were sorted out of the 
intestinal contents, washed in water, and preserved in 70 per cent 
alcohol with glycerine 

Grouping and general description of experiments — According 
to the materials fed my infestation experiments fall into three 
groups, A, B and C In group A, expenmonts I-VI, naturally 
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infested snails from Douglas Lake were ft d to ten ducks The 
experiments of group B consist of two subgroups, B and B ' 
In subgroup B', experiments VII and VIII, tctracotyles without 
cyst-like coverings were removed from the snails and fed to two 
ducks, in subgroup B", experiments IX and X, encysted totra- 
cotyles were similarly removed from snails and fed to two ducks 
In group C, experiment XI, snails experimentally infested with 
Cercana douglast Gort, 1917, were ft d to one duck The expen 
menta of group A were made during the summers of 1925, 1926 
and 1927 They prove that tctracotyles naturally infesting snails 
of Douglas Lake develop into adult C fiabelltformw in the domes¬ 
tic duck The expenments of group B showed that encysted 
tctracotyles of this species continued their development in th< 
domestic duck while the t< tracotylea without cyst-like coverings 
did not develop The experiment of group C demonstrated not 
only that Tetracotyle fiabdhformus Faust, 1917 (March), continued 
its development in the domestic duck, but also that this tetracotyle 
itself developed in the snails from Cercana douglasi Oort, 1917 
(December) In order to evaluate the significance of these groups 
of experiments it will bo necessary to discuss them in somewhat 
greater detail 

Group 4 

I'xpenmenls /, II and III lh( ducks of these three expen¬ 
men ts were infested with trematodi s win n they came into my 
possession Hub was dctenmmd by fecal examinations txforo 
the feedings began In the feces of euch of the thrci ducks a 
small number of strigcid eggs were, found Thi history of thisc 
ducks dunng the three days previous to the fecal examinations 
was known to have been such that infestation dunng that timt 
was impossible Dunng two of the thra days the ducks were in 
transit and on the third day they were in the pens and cared for 
as related in the general description of technique M> lutf r in¬ 
vestigations have shown that C fiabelhformis attains the egg- 
laying stage in about three days after entering the duck Hence, 
if the trematodes present in these ducks were C flabelltformts, 
they all must have attained the egg-laying stage before the bo- 
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ginning of the experiments Since the fecal examinations revealed 
only a few eggs, it is probable that the number of stngeids present 
in the ducks at this time was small During these three experi¬ 
ments, 1, II and III, snails containing tetracotyles were fed dady 
to the ducks until the time of their death On the fourth day 
after the first feeding with the snails the number of eggs in the 
feces of the ducks had increased very greatly There is no doubt 
that this increase was duo to a greater number of adult worms 
secured from the snails fed Moreovtr, in each of these experi¬ 
ments specimens of C flabdltformis were finally obtained in all 
stages of development from slightly modified tetracotyles to the 
egg-laying adults 1 he finding of this graduated senes of stages 
in all three experiments is conclusive proof that increased infes¬ 
tation resulted from the experunental feeding 

Experiment IV — This experiment of group A was not success¬ 
ful Five snails containing tetracotyles wen' fed to three ducks on 
one day C ircumstanees prevent d the carrying out of this ex¬ 
periment as originally planned No fecal examinations were made 
and the ducks were killed and examined more than a month after 
the experimental feeding At this time these ducks were parasite- 
free 

F xpennient V - Since the three ducks of this experiment were 
under my can from day-old ducklings until their death, this is a 
critical experiment One of the ducks was fed snails containing 
tetracotyles from the time that it was three weeks old until it 
was killed five weeks later Examination of its intestines revealed 
that it contained more than one hundred specimens of mature 
and immature C flabelltformis The record of this duck, therefore, 
shows without question that the tetracotyles m the snails de¬ 
veloped into adults in the domestic duck hecal examinations 
during the course of the feeding of the other two ducks showed 
that they also became infested Owing to the belief that the 
adults obtained from experiments I, II and III of group A were 
not full-grown, the two remaining ducks of this experiment were 
kept about one month after the last feeding of snails to permit 
their parasites to grow to a larger size, but at the time of their 
death they had become partial te-f roc 
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Experiment VI — The duck of the Inst * xperiment of group \ 
was six to seven weeks old at the time when the expirimeutat 
feeding began During the last two weeks pn vious to this tune 
it had been under my cart The conditions undt r which it lived 
before it came under my care are not known Abscnct of (ggs 
from the feces at the bt ginning of the < xperiment showi d that it 
was parasite-free By actual count sixty Lyrnnen staynahs ap- 
pressa were fed to it during the six days prior to its killing I h< 
post-mortem examination n vealed twenty-five mature and imma¬ 
ture C flabelhformis in its intestines The result of this ( xperiment 
agrees, therefore, with the results of (xpenraents I, II, III and V 

CoTiclusions from the experiments of gioup A —The preceding 
experiments, constituting group A, show that tetracotyles in T 
8tagnali8 appresaa , L stagnaha perampln , L emarginata any data 
and Planorbts tnvoltna are able to d<vtlop to maturity m the 
domestic duck These tetracotyles, although found in four kinds 
of snails, belong to one species because the> develop into one kind 
of adult Since they were found m the snails early in the summe r 
as soon as the snails came up from deep water, it seems probable 
that this species passes the winter in the snail in the U tracotvle 
stage The number of adult parasites recovered from the ducks 
for each snail fed is small Tht duck of experiment VI was older 
than the ducks of the other experiments and the ratio of adults 
recovered from it as compared with tht number of tetracotyles 
fed was smaller than in the experiments with the younger ducks 
This result agrees with the belu f already lu Id that older ducks are 
less readily infested than younger ones 


Group B 

General considerations — In the snails of the experiments of 
group A two kinds of tetracotyles were found, some with thick, 
gelatinous, cyst-Uke coverings and others without such cov< rings, 
but only one kind of adult was obtained from the ducks to which 
both kinds of tetracotyles were fed Therefore the experiments 
of group B (VII, VIII, IX and X) were devised to determini which 
of these kinds of tetracotyles, those with or those without the 
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thick coverings, had developed in the ducks of group A They 
were removed from the snails and sorted as already described The 
collection of a dose of tetracotyles required from one to two hours, 
during which time they were kept in water in watch glasses The 
doses were given to the ducks imbedded in Bmall pieces of beef, 
or m water by means of a pipette The ducks of these experiments 
were under my care more than a week before the experimental 
feedings began Fecal examinations during this time showed that 
all of them were free from parasites 

Experiments VII and VIII -Small doses of tetracotyles 
without cyst-like coverings were given to the ducks of experi¬ 
ments VII and VIII and a few days later the ducks were examined 
post mortem for the Cotylurus they might contain No parasites 
were found in either duck The most probable explanation of 
this result is that tetracotyles without the cyst-like coverings were 
too immature to continue their growth in the domestic duck Con¬ 
clusive evidence will be presented in connection with the discussion 
of experiment XI of group C to show that tetracotyles without 
cyst-Uke coverings develop into tetracotyles with cyst-like cover¬ 
ings A priori it seems probable that the thick gelatinous covering 
is essential for the protection of the delicate tetracotyle against 
the gnuding and digestive power of the giasard of the duck The 
interpretation that tetracotylos without cyst-like coverings are too 
immature to develop in the duck is supported by von Linstow 
(1894, p 332), who described the formation of a similar cyst for 
Tetracotyle typica and expressed the belief that Tetracotyle typica 
can become sexually mature in vertebrates only after the cyst is 
formed There is, therefore, sufficient reason to believe that tetra¬ 
cotyles without cyst-liko coverings cannot develop in the domestic 
duck, yet it must also be admitted that experiments VII and VIII, 
owing to the small number of tetracotyles fed, were not sufficiently 
critical to establish this belief beyond all doubt 

Experiments IX and X — In each of these two experiments 
tetracotyles with cyst-like coverings were fed to a duck To duck 
246 of experiment IX two hundred and thirty-five were fed during 
a period of three weeks, July 2 to July 23 On July 9, just one 
week after the feeding began, strigeid eggs were observed in its 
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feces, proving that tetracotyles with cyst-like coverings had de¬ 
veloped into adults, yet at the autopsy of the duck on August 3, 
eleven days after the last experimental feeding, no parasites wt rc 
found in its intestine Presumably the period of eh ven davs was 
longer than the life of the parasiU s in the duck In experiment X 
only forty letracotyles with cyst-like coverings wi rc fed to a duck 
on one day, August 9, and six days later, on August 15, the duck 
was killed At the post-mortem examination no parasites were 
found Their absence needs to be explained 

The explanation for the negative result of experiment \ is 
suggested by my previous experiments, namely, that too fiw 
tetracotyles were used in feeding All my feeding experiments 
show that only a small percentage of the tetracot>les ingested 
by the ducks underwent development In the experiment* giving 
positive results the number of tetracotyles fed was always many 
times greater than the number of adults obtained and in experi¬ 
ments involving small numbers of tetracotyles infestation dul not 
take place at all Although the number of tetracotyles in each 
of the snails fed is not known, an actual count of the numbt r found 
in thirteen snails by Hughes (1929, p 495) gave an averagf of 
one hundred and eighteen per snail Hence an average of fifty 
fully developed tetracotyles m each snail is a conservative csti 
mate On the basis of this estimate less than two per cuit of the 
tetracotyles fed develop to maturity in tko domestic duck Tor 
this reason experiments IV, \ II, VIII and X do not give conclusive 
results At most, there is only a slight indication in exporunents 
VII and VIII that tetracotyles without cyst-hkc coverings do not 
develop in the domestic duck That tetracotyles with cyst-like 
coverings do develop In ducks is cltarly demonstrated by my 
experiment IX and also, as will be shown later, by experimi nt \I 


Group C 

Life~htstory experiment Experiment A / - The development 
of Cercana douglast Cort into adult C JUtbelhformts has been 
demonstrated thus During the summer of 1927 Professor W W 
Cort permitted me to utilize the results of his experiments on the 
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development of Ctrcana douglan in snails A brief note concern¬ 
ing these experiments has been published (Cort and Brooks, 1928, 
p 194) The details are as follows A lot of snails, L stagnah « 
appressa Say and L sUignalis perampla Walker, were collected 
from a limited area of the north shore of Douglas Lake Twenty- 
five, used as controls, were examined for tetracotyles, but none of 
them Bhowcd an infestation From July 26 until July 29 forty 
were exposed to large numbers of oercanae At intervals Professor 
Cort killed and examined a few and in this way was able to watch 
the development of the penetrated cercariae into the mobile meta- 
cercaria stage, i e the stage before the thick gelatinous covering 
was formed On August 17 examination of three snails indicated 
that all the cercariae had attained this stage of development All 
Of Professor Cort’s observations showed that the metacercariae 
resulted only from his experimental infestations 

On August 19, 1927, Professor Cort generously turned over to 
me twenty-eight of these snails which had been experimentally 
infested about three weeks before They were carefully tended 
until September 6, but in spite of excellent care fourteen died 
during this time On the 6th and 7th of September, about six 
weeks after their exposure to Cercana douglaai, thirteen of the 
fourteen remaining snails were examined After removal of the 
shell the posterior twisted part of the body of each snail was teased 
apart and the tetracotyles present were studied under the dissect¬ 
ing microscope The number in each snail was extraordinarily 
large, much larger than the number usually found in naturally 
infested snails of Douglas Lake Apparently the tetracotyles were 
identical with those employed in my former experiments Every 
one observed possessed a thick gelatinous covering After the 
examination of each snail it was immediately fed, together with 
its tetracotyles, to a five-week-old duck (number 270 of experi¬ 
ment XI in Table II), which had been in my possession for only 
one day before this feeding experiment began On both Septem¬ 
ber 6 and 7 the feces of this duck were examined for stngeid eggs, 
but none were found On September 10, however, more than two 
hundred strigeid eggs were collected from the feoos On the 
evening of September 10 the duck was killed and more than two 
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hundred mature Cotylurus were obtained from its intestine Care¬ 
ful study showed that these parasites agreed in all respects with 
those obtained as a result of my other feeding experiments m 
which I used naturally infested snails Therefore, I conclude that 
all the stngeid parasites obtained from my experiments must have 
developed from Cercana douglcm Cort, 1917 

The Itfe-cycle —Cort and BrookB (1928, p 191) obtained 
Cercana douglasi from Phyea sayn onetda Baker, Physa parken 
“Currier” De Camp, Lymnea einarginata angulata Sowtrby, L 
eiagnalm appretsa Bay and L staynahs perampla Walker This 
list, therefore, also indicates certain snails into which the miracidia 
of this species penetrate Moreover, 1 have collected the eggs of 
this species and observed the development of the miracidia within 
the eggs Hence all the salient stages of the life-history of C JlabcD 
liformu have been seen and the hosts of a complete life-history 
are known My observations on this species and on the life-cycle 
of another Bpoctes of Cotylurus which lias been experimentally 
determined (Van Haitsma, 1930), together with the data of Mathias 
(1925, p 63) on S tarda , permit me to outline briefly the life-cycle 
of C flabelhforrms In a general way this outline will probably 
apply to all species of Stngeidae except that in most species the 
second intermediate host w a vertebrate The periods of turn sug¬ 
gested in this outline imply summer temperatures 


jStrtpe of Development 

Egg develops into miraoidmm 

Miraodium swims in the water and penetrate* into first 
snail host 

Miracidium metamorphose* into mother iporocyst, 
which give* nao to secondary sporocyst* that pro¬ 
duce oercarioe 

Cercariae escape into water and penetrate into second 
■nail host 

Cercanae develop into tetracotyles within second snail 
host 

Second snail host ingested by a duck in which tetracotyles 
develop into egg laying adults 

Egg laying stage within the duck 


7 ime 
Required 

about 3 weeks 
a few hours 

about fi weeks 
(Mathias) 

within 1 day 

about 6 weeks 

3 or 4 days 
about 1 week 
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It is possible, therefore, under favorable conditions for the 
whole life-cycle to be completed within four months, but during 
the winter the process of development doubtless continues at a 
much slower rate and may even comt to a standstill Eggs which 
were kept at low temperatures for three weeks did not develop 
noticeably, but when the temperature was raised to 23° C develop¬ 
ment again proceeded Cercame also become less activo as the 
temperature decreases, yet the temperature requirement for the 
penetration of stngeid cercanae into the second intermediate host 
is considerably less than that of schistosorno cercanae There 
is good reason to believe that the tetracotyles pass the winter 
within the snail host, since they may lie found in large num¬ 
bers in the snails in early summer As already explained, the 
stage within the hnal host attains sexual maturit} very soon 
and lives only a short time The periods suggested for the 
adult m the outline above are doubtless too short for many other 
Stngeidae 

The life-cycle of C flabelhfornns , as far a a studied, is closely 
similar to that of 5 tarda The stages within tho first snail host 
were not actually studied by me, but doubtless the se two species 
are also similar with reaps ct to this part of the life-cycle Hence 
the description of these stages in the outline above was confidently 
paraphrased from Mathias' description of S tarda In a sjiecics of 
Diplostomum, nyn Proakria, and anothir species of Cotylurus, 
tho period from the penetration of the tmrucidia to the appearance 
of the cercanae was also about six weeks 

The determination of this hfe-cyclc corroborates the fact de¬ 
veloped since 1920 (La Rue, 1926, pp 269 271) that tho Stngt idae 
are not metastatic, os was supposed from 1889 until 1920 In the 
stngeid life-cycle there is an alternation of generations as well as 
an alternation of hosts While the number of eggs produced by 
the hermaphroditic adult is comparatively small, the multiplica¬ 
tion within the first snail host is enormous Under favorable 
conditions a fow infested ducks remaining on a lake for a few 
days may during the period of the hfo-cyclc of the present species 
infest the snails of the lake with millions of tetracotyles In this 
way this species and others of the family Stngeidae are well 
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adapted for distribution by migratory birds, which may remain 
on one body of water for only a short time 

Experiment# with chicks — During the summer (1928) follow¬ 
ing that in which the hfo-hisfcory of thw species was determined, 
attempts were made to develop tetraeotyles in chicks 1 wo clucks, 
only two weeks old at the bt ginning of the exiarnnent, were fed 
from twenty to fifty tetrucotylcs a day from June 29 to July 7 
The tetraeotyles taken from the snails were placed on moistened 
bread and fed in this way Fecal examinations, both before and 
after this experiment, showed that no eggs were pnsenfc On 
July 7 one of the chicks was killed and examined Its intestines 
were free from parasites Experimental feeding of the other chick 
was discontinued till it was about seven weeks old Beginning 
on August 3 crushed snails, thirty-six m all, were fed to this chick 
during three days On August 7 a fecal examination revealul 
the presence of stngeid eggs On August 8 the chick was 
killed and examined Its intestines contained about fifty 
mature and nearly mature C flabelhformis similar in all re¬ 
spects to those obtained from my expenmental ducks This ex¬ 
periment demonstrates, therefore, that in chicks of the proper age 
the parasite develops to maturity just as readily as m domestic 
ducks 


TRANSIT DJ Vt LOPMENT 

Three cliaractenstics of C flabclLiformis deserve special atten¬ 
tion, since they havt a bearing upon the interpretation of its life¬ 
cycle These are of small sire, early sexual maturity and short 
life Matun specimens are smaller than those of all other known 
species of the former genus Strigea, being noticeably smaller than 
S tarda as described by LUhe (1909, p 163) and Mathias (1925, 
p 25) Associated with its small size is an early sexual maturity 
In my experiments I, II, III and XI, and in the expenment with 
the chick, numerous eggs were found in the feces on the fourth 
day after the first experimental feeding Mathias (1925, p 24) 
found some eggs of S tarda in the feces of his experimental ducks 
on the third day after infestation, but Lutz (1920, pp 128" 129) 
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states that the species which he hastily supposed to be 5 tarda 
required about ten days after infestation to attain the egg-laying 
stage The small sise and early sexual maturity of C fiabelltformin 
are probably physiologically correlated with its short life In 
several of my experiments this species remained in the ducks a 
much shorter time than the monostomes and cchinostomes which 
were also present Luts (1920, p 128) predioted that some of 
the smaller holostomos (Strigeidae) would prove to remain in 
their definitive hosts only a short time Mathias (1925, p 64) 
found that a mass infestation of S tarda in domestic ducks did 
not last more than twelve to eighteen days In my experiment 
VII the parasites left the duck within eleven days after the last 
experimental feeding Now all three of these characteristics of 
the adult C flabeliifomus y small sire, early sexual maturity and 
short life, are also characteristic of cases of transit development 
in the sense that this term was employed by Faust and Nishigori 
(1926, p 94) It is pertinent, therefore, to inquire whether the 
development of C flalelliformis in the domestic duck represents 
a case of transit development 

Before attempting to answer this question, it is desirable to 
consider the percentage of tetracotyles which develops into adults 
in domestio ducks and also the lack of host specificity of C flabeU 
hfortnis and S tarda According to a previously discussed esti¬ 
mate, less than two per cent of the tetracotyles fed to the domestic 
duck succeed in developing to the egg-laying stago Although 
the percentage of viability is not known and definite records of 
the percentage of tetracotyles of other species of strigeids whioh 
develop to the egg-laying stage in their definitive hosts arc not 
available, yet my experience in more than twenty successful feed¬ 
ing experiments involving five species of holostomes leads me to 
believe that the percentage of tetracotyles of the present species 
which develop into egg-laying adults in the domestio duck is 
extraordinarily small Other conditions being equal, a low per¬ 
centage of development of tetracotyles in the definitive host indi¬ 
cates a lack of adaptation between parasite and host Such a 
lack of adaptation is favorable to the interpretation of transit de¬ 
velopment 
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There are also several phenomena indicating a lack of host 
specificity of C flabeUiformis and S tarda which arc significant of 
transit development Gort and Brooks (1928, p 191), after naming 
the different kinds of snails from which they obtained the cercaria 
of C flabeUiformis t declare that “the lack of specificity displayed 
by this species in its development in so many different hosts wo 
believe goes beyond anything yet reported for holostomo cer- 
cariac ” To this declaration may be added that the lack of 
specificity of the ccrcana is matched by that of the totracotyle, 
which also has been found in five species of snails belonging to 
two genera Doubtless the list of hosts of the cercanae and meta- 
oerc&riae of this species is not yet complete So far, the adult 
C fiabeUiformis has been found in seven species of ducks belonging 
to five genera and it has been experimentally developed in a 
chicken, but if its similarity to S tarda includes also a similar 
diversity of definitive hosts, we muy expect to find it in a much 
greater variety of hosts By experimental feeding Mathias (1925, 
p 12) obtained a complete development of S tarda in both do¬ 
mestic and wild ducks and also in a quail Hence it seems prob¬ 
able that the present species, which closely resembles S tarda in 
its life-history, may be found in more kinds of hosts If among 
these hosts there should be found one in which a greater per¬ 
centage of tctracotyles would develop to sexual maturity, grow 
more Blowly and to a larger size, and live longer, there would be 
sufficient evidence to conclude that the development of C fiabel- 
hformis in ducks is a case of transit development, but as long as 
such evidence m lacking it can only be said that the development 
of this species in domestic ducks resembles cases of transit de¬ 
velopment 

Pathology m the emit “The life-history experiments de¬ 
scribed above demonstrate clearly that snails heavily infested 
with the oercariae of C flabeUifornus may be killed by the de¬ 
veloping tetracotylee Of the snailB experimentally infested by 
Professor Cort, fifty per cent died before the tetracotyles were 
fully developed, while other snails, not experimentally infested 
and kept under similar or even less favorable conditions, showed 
a comparatively low death-rate Faust (1920, pp 1-16) has made 
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a careful study of pathological conditions resulting from the de¬ 
velopment of sporocysts and cercarioe in snails It similar patho¬ 
logical conditions are produced by developing tetracotyles, thoy 
would readily account for the high death-rate of heavily infested 
snails 

Pathological symptoms in the ducks —Several symptoms of 
disease were observed in my experimental ducks and during the 
course of the experiments four of the nine heavily infested ones 
died These symptoms may be summarized as follows (a) pare¬ 
sis indicated by a leg weakness and extraordinary tendency to 
sit, (6) muscular incoordination, resulting in inability to direct lo¬ 
comotion, (c) nervous twitchings of the head and wings, (d) dysp¬ 
nea, indicati d by a labored expansion and contraction of the body, 
(e) diarrhea and (/) irregular app< titc Two apparently healthy 
ducks which wm given extraordinarily heavy feedings of snails 
contaimng tetracotyles suddenly died within a week without 
showing definite symptoms My observations of symptoms arc 
confirmed by similar observations of Katsurada (1914, p 310), 
(lalk-Vallt no (1914, pp 97-115) and Tabangui (1926, p 5) in 
helminth infestations 

Although it stems probable, therefore, that at least some of 
the symptoms of distaso in my young ducks were duo to the 
parasitic infestations, it is also not improbable that some of the 
symptoms observed were due to cold and dampness or to improper 
feeding Equally severe infestations did not always produce thi 
same symptoms in ducks of the same ago Besides, control ex¬ 
periments for the definite purpose of relating the symptoms of 
diseusc to the parasites were not performed Moreover, Dr Ernest 
Hartman discovered a species of Ixmcocytozoon in some of my 
ducks This double infestation makes the problem of explaining 
the symptoms twice as complicated, especially so since the patho¬ 
logical effects of Leucocytozobn on the domestic duck is not known 
(Wenyon, 1926, p 908) 

Although it is impossible at present to attribute definitely any 
symptom of disease in my ducks to C flabelhformts, my observa¬ 
tions suggest the opinion that well-directed and controlled experi¬ 
ments On large numbers of ducks will demonstrate that there is 
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a connection between some of the symptoms observi cl and the 
parasitic infestations Mathias held the opposite opinion, but 
probably he did not observe very heavy infestations As has 
already been described (Part I, above), C flabelhformis digests 
away the columnar epithelium of the intestinal mucosa of its host 
and causes a congestion of blood in thf sutxpithchui connective 
tissue of the host’s mucous membrane at the points of attachmc nt 
of the parasites Consequently, it seems reasonable to believe 
that large numbers of the parasites should have injurious effects 
upon their hosts It also seems plausible that the irritations of 
the intestinal wall of the duck by the parasites, or possibly by 
their toxic secretions, should cause some of the nervous symptoms 
observed 

Summary -The hfe-cjclc of C Jlabrlliformi8 t here descnlxd, 
is the first stngeid life-cycle to be determined in North America 
The cercnria has previously been described by Cort and Brooks 
(1928) and the metaccrcana by HugheB (1929) Ihc adult is 
described in Part I of the prose nt paper It is noteworthy that 
these stages of development were nil secured from the same kinds 
of snails, from the same lake, during the same summer The 
peculiarities of this life-c>clc which suggested that it may 1* a 
case of transit development are discussed, and the pathological 
effects that this parasite has or may have upon its hosts art 
conRidt red 
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EXPLANATION OF PLA1LS \LI-\LII 

All tho figure* except 11 and 12 are drawn according to the name scale 
indicated by the referent lino near Figure 10 Tho magnification uf figures 
11 and 12 is indicated by the reference line near figure 12 Both reference 
lines represent 0 i mm 


ABBtttA TAIIONS 


or acetabulum 

n - 

nerve st rands 

ay — adhesive gland 

ofh - 

opening of forebody 

alhf ant( nor lobe of the holdfast 

(K)t 

milv {m 

organ 

os 

oral sucker 

apex — ontern posterior excretory 

(>V 

ovary 

vessel 

OlW - 

oviduct 

6c — bursa copulatrix 
evd - common vitelline duct 

p6c — 

pnmordium of bursa copu 
latnx 

der — dorsal excretory vessel 

ph — 

pharynx 

«y -egg 

ejd — ejaculatory duct 

plhf - 

posterior lobe of holdf ist 
organ 

eso — esophagus 

sv - 

seminal vesicle 

exp — excretory pore 

fl- 

anterior testis 

ex# - excretory spm c 

u- 

posterior testis 

Qd genital atrium 

Ux 

transverse excretory vessel 

hb hmdbody 

ul - 

uterus 

in/ intestinal return 

Ida 

ascending limb of the uterus 

Ic — 1 aurer « canal 

utd - 

descending limb of the uterus 

he — lateral sucking cup 

M 

vas deferens 

loti left vitelline duct 

re, 

vas efferens of /, 

mdex — median dorsal exi retory 

res — 

vas efferens of It 

vessel 

vex 

vent ral excretory vessel 

ttuivex - median dorso-ventral vessel 

ml 

vitellaria 

my Mehlm gland 

re 

vitelline reservoir 


mvrx - median ventral excretory 
vessel 

PLATE XLI 

Fiu 1 Reconstruction of female genital system I,eft view Tho vitelline 
reservoir lies on the left of Mchhs gland 

Fio 2 Reconstruction of the male genital system Left view The vas 
deferens lies between the two vaaa efferontia 

Flos 3 9 Posterior views of a consecutive penes of cross-sections of an early 
developmental stage of an adult Of this senes Tiguro 0 represents the 
foremost section, out in the region between the two testes Figures 3 A 
show the bursa oopulatnx still in the primordial stag*, in them the ventral 
excretory vessels can be traced forward from the excretory pore In 
Figure 0 branches from the ventral excretory vessels extend between the 
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pnmordimn of the bum copulatnx and the posterior testis to form the 
ventral excretory vessels, In Figures 7-9 the ventral excretory vessels are 
separated from the dorsal vessels by the posterior testis, and the dorsal 
vessels anastomose with subcuticular excretory spaces Figures 4-9 also 
show the vitellana to be in two fields in this early adult stage of develop* 
ment 

Fig 10 Diagrematic reconstruction, left sulo view showing digestive and 
excretory systems and the distribution of vitellana The peripheral ex 
cretory spaces are not represented 

Figs 11-12 The external appearance of C fiabdhjomws showing the vari¬ 
ability of the forebody 


PLATE XLII 

Figs 11 16 A consecutive antero-posterior senes of reconstructions repre¬ 
senting thick cross-sections of the forebody as seen in an tenor view 

Fio 13 The forebody looking into the cup showing the two lappets of the 
posterior lulw of the holdfast organ 

Fig 14 Reconstruction of sections between the pharynx and acetabulum 
The intestinal tcca diverge anterior to the acetabulum 

Fig 15 Region of the acetabulum, showing both lobes of the holdfast organ 
lateral sucking cups and more conspicuous excretory vessels and spaces 

Fig 10 Region of ihe adhesive gland The intestinal coca bend ventrad 
The dorsal and median dorso-ventral excretory vessels are represented 

Fig 17 Reconstruction of somewhat oblique sections through the dorsal 
wall of the forobody, showing the relative positions of the digestive, 
excretory and nervous systems in this body region 

Fig 16 Reconstruction of cross-flections of the hindbody anterior to the 
ovary Anterior view The ventral excretory vessels are united by the 
transverse vessel The intestinal oeca bend ventrad The vitellaria are 
distributed throughout almost the entire section 

Fig 19 Reconstruction of the middle region of the hindbody Anterior 
view Ovary and anterior testis not shown The median dorsal ex¬ 
cretory vessel divides to form the two dorsal vessels The relative posi 
tions of tho oviduct L&urer s canal, common vitelline reservoir vas 
deferens, descending limb of the uterus, and ventral excretory vessels 
are indicated The vitellana are restricted to the ventral half of the 
section 

t iQ 20 Reconstruction of the region behind the posterior testis Anterior 
view, showing relative position of seminal vesicle, ejaculatory pouch and 
duct, descending uterus and ventral excretory vessels anastomosing with 
subcuticular excretory spaces Three lobes of the posterior testis are also 
shown 








STUDIES ON THE TREMATODE FAMILY 
STRIGEIDAE (HOLOSTOMIDAE) 

NO XXIII DIPLOSTOMUM FLEXICAUDUM 
(CORT & BROOKS) AND STAGES IN 
ITS LIFE-HISTORY* 

JOHN P VAN HAIT8MA 

'J'HE now adult trematode of the family Strigeidae, here de¬ 
scribed , was obtained as a result of infestation experiments 
made during the summer of 1927, the life-cycle of this species was 
experimentally traced during the autumn of the same year Since, 
in the course of these experiments, It was Bhown that the adult 
develops from Cercana fltxxcauda Cort A Brooks (1928, pp 183- 
186), the name of the present species becomes Diplostomum flexi- 
caudum (Cort A Brooks) 

The use of the generic name Diplostomum for this species 
requires an explanation The genus Diplostomum was erected by 
von Nordmann (1832) for certain larval trematodes found In the 
eyes of oertain European fish Hie first of these species he de¬ 
scribed as Dtpiostomum pdvtns He erroneously believed his 
specimens to be adult and gave a detailed description of them 
accompanied by excellent figures Later the Bhrhardt brothers, 
by means of feeding experiments reported by Braun (1894, 
pp 1 GO-167), demonstrated that D volvens developed within the 
laughing gull, Lotus ndibundus, into HemxsUmum tpathaceum 
(Rud ) Thus it was shown that the genus Hernia torn um Dies, 
I860, was in part, at least, a synonym of Diplostomum von Nord¬ 
mann, 1832 Krause (1915, p 233) showed that Hemiatomum 

* Contribnttoa from th* Biolotwal Laboratory of C*Win Collage and 
from tbs Biolotfeal Station *04 the Zoological Laboratory of the University 
of Michigan* This is ths twenty-third of a aSries of atudiee on the family 
Strigeidae by Prtfemor Cftfcwge ft, La Bus, hU student* and aewxnstee. 
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Dies is a synonym of Alaria Schrank, 1783 Moreover, according 
to Stiles and Hassall (1912, pp 88,281 [ Index Catalog ]), the type 
of Hemistomum Dies , by inclusion and also by first species rule, 
is alalum « A lana vulpis By reason of this fact the name Hemi¬ 
stomum Dies is a synonym of Alarm Schrank, and therefore is 
not available for those members of the genus Hemistomum, 1850, 
which are non-congenenc with Alana alata The adult developed 
from Diplostomum volvens does not belong in the genus AJana, 
therefore the name Diplostomum becomes available according to 
the rules of pnonty as the generic name for D volvens Spalhaceum 
(Rudolphi, 1819), however, has pnonty over volvens (von Nord- 
raann, 1832) Hence the correct nami of von Nordmann's spe¬ 
cies becomes Diplostomum spathaceum (Uud ) Smce the present 
species is congencno with D spatkaceum, it la placed in the genus 
Diploetomum von Nordmann, 1832 Diplostomum Braudes, 1888, 
falls as a homonym, but the group name Diplostomulum Bramies, 
1892, for the rntfcaccrcanae continues to be available 

PART 1 THE ADUL1 WORM 

Diplostomum flexicaudum (Oort <k Brooks) closely resembles 
two other recently d<*enbed species of Diplostomum Ifc is very 
similar in structure to D spalhaceum (Rud ), described by Krause 
(1915, pp 136-147), and Its similanty to D huronense (La Rue), 
described by La Rue (1926, pp 26-35), iB only slightly lees pro¬ 
nounced All three of these species inhabit the intestines of gulls 
Moreover, D flexicaudum and D huronense were obtained from the 
same species of gulls of the same region, Douglas Lake There¬ 
fore my findings on D flexicaudum are compared in detail with the 
descriptions of D spatkaceum and D huronense referred to above 

SPECIFIC DIAGNOSIS 

Diplostomum flexicaudum (Cort & Brooks) — Fixed material, 
adults Characters of the genus, forebody, concave ventrally, 

1 0-1 4 X 0 fr 0 7 mm , not set off from tho hindbody by a deep 
groove, hindbody, cylindrical to club-shaped, usually narrower 
anteriorly, 1 3-19 X 0 37-0 55 mm , oral sucker, 0 065 0 08 X 
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0 06-0 086 ram , but smaller than the acetabulum, 0 06 0 09 X 
0 06-0 136 mm , the latter circular to transversely elliptical, often 
covered by the mushroom-shaped holdfast organ, ovary, ellip¬ 
soidal, 0 09-0 136 X 0 09-0 16 X 0 13-0 2 mm , testes horseshoe¬ 
shaped, in the posterior half of the hmdbody, uterus forming a 
large coil between the testes, vasa efferentia unite into van deferens 
on the anterior surface of the first testis, eggs, 0 09 0 115 X 
0 057 0 07 mm , habitat, intestines of herring-gulls at Douglas 
Lake, Michigan Metaceruirm of Dipiontomum flexicaudum (Cort 
& Brooks) ~ Diplostomulum gigas Hughes & Brrkhout, 1929 
habitat, crystalline lenses of tin eyes of common suckt rs of 
Douglas Lake C ercana of 1) flexicaudum ~ Ccrcnria flexicauda 
Cort & Brooks, 1928 

External features —The extc rnal appearance of D Jhxicaudum, 
D spathaceum and D huronense is so similar that the following 
description of D flexicaudum applies equally well to th< otht r two 
species Each animal consists of a vtntrally concave fort body, 
oval in outline, and a more or It ss curvt d, club-shaptd to cylindri¬ 
cal hindbody (fig 1) The anterior end of tlu fort body is often 
made irregular by two processes, which extt nd variably forward 
on either side of the slightly protruding oral suckt r In otht r 
specimens depressions were found at the sides of the oral suckt r 
instead of processes, or a dtpressiou may be found on one side 
and a process on the other in the same specimen Tlu fiosterior 
and lateral margins of the forebody are usually inturned vcntrall* 
The transversely elliptical acetabulum is located near the middle 
of the ventral surface of the forebody Behind the acetabulum 
and often partly covtnng it is the holdfast organ, mushroom¬ 
shaped when extended and usually providt d with a more or less 
deep longitudinal groove on its ventral surface In the retracted 
condition the holdfast organ forms a de< p cavity extending dorsad 
and postorad Owing to its different states of contrichon, the 
dimensions of the holdfast organ differ so greitl> that measure¬ 
ments can have no taxonomic significance 1 he hindbody imt s 
from the posterior dorsal surface of the forebody The two body 
regions may be more or less flexed dorsad at tlu ir junction, or 
they may lie in a nearly straight line On the dorsal side near the 
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posterior end of the hindbody the circular to elliptical opening 
of the bursa copulatrlx is readily seen 

Measurements — In Table I dimensions of the body regions 
and of some of the more regularly shaped organs of D flexteaudum 
are compared with corresponding measurements of D spathaceum 
and D huronense made by Krause and La Rue, respectively In 
this table Krause’s and La Rue’s measurements have a much 
wider range than my own, probably because my measurements 
were based on a smaller number of specimens, all of which ap- 
puircd to be full-grown and moderately extended This may also 
explain why the mean of my miasurements approaches the larger 
dimensions presented by Krause If Krause had also recorded 
thi mean of his measurements, it would have greatly facilitated 
a comparison of th< three species From the present data it ap¬ 
pears that all thm species are nearly equal in their dimensions 
The most notnblf differences between D flexteaudum and D 
spathaceum are that D flexicaudum has a somewhat larger ovary 
and that its eggs arc variable in dimensions 

r I able I indicates more distinct differences between D flexi¬ 
caudum and D huronense 1 he measurements of the forebody, oral 
sucker and acetabulum of D huronense are larger than my corre¬ 
sponding measurements of D flexteaudum , and the hindbody of 
D hurottense is short* r and thicker, but its pharynx is narrower 
The distinctness of these two specieH morphologically agrees with 
results which I have obtained from feeding experiments D flext¬ 
eaudum was developed from metacercanae found within the lens 
capsule of the cy< of the common sucker, Catostomus commersonntt 
(Lae^p^de), D huronense was developed from smaller metacer¬ 
canae found in the vitreous humor of the eye of the trout perch, 
Percopsts omiscomaycus (Walb) Hughes and Berkhout (1029, 
pp 483-494) have described these two metacercanae and pointed 
out the differences between them 

Organs of attachment — These organs include the oral sucker, 
the ear-likc lappets or sucker-like depressions at the sides of the 
oral sucker, the acetabulum, tho holdfast organ and the ventrally 
mturned margins of the forebody For a desenption of these 
organs and an explanation of the sources of the granular secretion 
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in the tips of the ear-like lappets or suckcr-hke depressions refer¬ 
ence may be made to Krause s description (1915, pp 106-111) of 
D tpathaceum My obwrvations havt yieldtd additional infor¬ 
mation concerning the functions of th< se organs According to 
those observations th< chief organs of attachment of these parasites 
arc the extended car-like lappt ts at the sides of th( oral sucker In 
a portion of the host intestine, hxed in corrosive-acolic, the para¬ 
sites wire attached only by means of the extended tar-like ap¬ 
pendages or lappets which hnd been pressed into the tissues of 
the host In two specimens which had been shaken free from the 
host finely granular globules, lightly stained with hematoxylin, 
were found on the s< crcting surface h of the lappets The m globules 
appeared to be mucilaginous Th< ir presence suggested that the 
parasites were attached by means of this substance rathtr than 
by any mechanical action of the lappets This i xplanation agrees 
with that of von Linstow (1877, pp 187-198), who calkd the 
secreting glands “Leimdrhscn ” The columnar epithelium of the 
host intestine had been comph tely n moved, presumably owing 
to the post-mortem digestive action of the host, since the denuded 
area extended beyond the range of the parasites Consequently, 
the parasites were attached to the subepithehal connective tissue 
of the host In attached parasites, which had been kilhd and 
fixed in situ, the oral sue ker, acetabulum anti holdfast organ gaped 
widely open, but they wcr< not in contact with the tissues of the 
host lhur gaping condition indicated that the parasites had 
released their hold before thty died In some specimens shaken 
free from the host thi act tabulum protrudt d almost entirely be¬ 
yond the ventral surface of the forobody It is probable that the 
oral sucker, acetabulum, holdfast organ and the vent rally mturned 
margins of the forebody cooperate with the ear-like lappets of the 
living parasites in the process of attachment It also seems 
probable that the lappets and ac< tabulum are contracted m life 
so »n to hold the ventral surface of th< parasite closely against 
the intestinal wall of the host In the holdfast organ glandular 
tissue continuous with that of the so-culled adhesive gland ex¬ 
tended to the ventral surface Presumably the secretion of these 
glands is conveyed into the cavity of the holdfast organ, where 



iS tngeidae Diplostomulum flexuaudum 48*) 

it may perform a function, possibly diRestive In the present 
material, howevi r, the only basin for this lx lief is to bo found in 
the position of the glandular cells Tlu intestinal wall of the host 
did not reveal serious pathological disturbances which could be 
uscribed to the presence of the parisites 

Digestive system — This system of organs of D flexicaudum 
(Fig 1) resembles that found in oth( r diplostomes On being 
shown some sections of this parasite, Dr William McKay Dorman, 
pathologist at Blodgett Hospital, Omnd Rapids, Michigan, ri cog¬ 
nized a brownish pigment in the digestive coca which lit in¬ 
terpreted to indicate old blood From this it appears that 
this parasite fed upon th< blood of its host Disintegrating 
nuclei w* re also present in the digestivt eeca Injuries to the 
host tissue which might explain the source of the blood wt n not 
observed 

Amphilyyy —kruusc di scribed D spathacrum as amphitypic 
A Himihr condition was found in D flexiuiudum The ovary and 
JMehlis’ gland may l>o fouml in thr right side of sorm spccuncns 
and in the left in others This reversal of position of these organs 
is accompanied by a revc rad of position of the other organs which 
do not lit in the m< dian plam and an not bilaterally symmetrical, 
particularly the ascending limb of the uterus and the vasa effe- 
rentla 

Male reproductive system — 1 he testes of D flexicaudum (* ig 2) 
are roughly horscshoc-slmpt d T h( y lie in the posterior half of 
the huidbody lho vasa efferentia antw from the anterior median 
ventral surfaces of the testes and unite with the vas deftrens in 
front of the hrst testis (I* igs 2, 5) 1 he vas defertns lx nds toward 

the median ventral line and <nhrgos behind the postenor bstis 
to form the seminal vesicle Ihe seminal vesicle coils vertieally, 
first extending dorsad and postered to the genital atrium and then 
bending anterad to the postenor testis (Figs 3-4), when its di¬ 
ameter diminish! s and its wall becomes thickly muscular to form 
the ejaculatory duct The ejaculatory duct exUnds dorsad and 
postered to the genital atnum into which it opens dorsal to the 
opening of the uterus The position of the testes and male genital 
ducts of D flexicaudum agrees in detail with that given in Krause’s 
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description of these organs in 1) spathaceum, but in D huronense 
the testes are IocaUd relatively farther forward (La Rue, 1926, 
p 31, and Fig 1) 

Female genital organs — I' rom the posterior dorsal side of the 
ellipsoidal ovary the oviduct extends dorsad and posterad along 
the dorsal suit of the anterior U stis to the right or the left of the 
median lino to Mehlis' gland (Fig 10) A short distance from the 
ovary the oviduct is slightly enlarged (hig 8), but this enlargement 
is not so definite as Krause a (1915) figure N indicates for D 
spathaceum From this enlargement Laurer’s canal arises and 
extends to its opening near the median dorsal line of thi hindbody 
As the oviduct enters Mehlis’ gland the common vitflline duct 
empties into it (Fig 6) C losoly behind the junction of these two 
ducts the ootype bends to the right, or to the 1< ft, and becomes 
the ascending limb of the ubrus, which begins its “ascent” an- 
tcrad by forming a large spiral coil between the testes (tig 9) 
Thence the asc< ndmg uti rus extends anterad along that side of 
the body containing Melilia' gland, over the ovary (tig 7), to 
a point soimwhat btyoud om half of the distance between the 
ovury and the anterior end of the hindbody (tig 10) Here it 
bonds and becomes the descending uterus, which extends along 
the midventral lino ventral to the vas deferens to the genital 
atrium Ihe course of the female genital ducts, hero described, 
agrees in detail with that of D spathaceum described by Kraust 
(1915, text fig N), except that in D flexicaudum the coil of the 
ascending uterus between the testes is more extensive The ovi¬ 
duct of D flexicaudum near its junction with Laurer'g canal is less 
coiled than the corresponding part of the oviduct of D huronense 
as described by La Rue (1926, Fig 4) 

The vitellmo system is closely similar in D flexicaudum , D 
spathaceum and D huronense In each of these species the vitel- 
lana extend frbm a position somewhat anterior to the acetabulum 
to the posterior end of the hindbody In the region of the testes 
of all throe species the vitellana form only a narrow midventral 
strip The points of entrance of the nght and loft vitelline ducts 
into the mtertesticular vitelline reservoir shown m my Figure 6 is 
an individual characteristic In most specimens of D flexicaudum 
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the right and left vitelline ducta empty into the ventral < nd of the 
vitelline reservoir 

The excretory #ytdem — My findings on the excretory system of 
D flexicaudum agree quite closely with those described by Krause 
(1915, pp 145-146) for D ttpalkaceum , but in the light of my 
previous studies on the excretory systems of Craetnpkiala bulbo- 
glossa Van Haitsma (1925, p 124) and of Cotylurun flabelliforrm i 
(Faust) (Van Haitsma, 1931), my interpretation of the excretory 
vessels of D flexicaudum is somewhat different 

Ihe excretory system can be tract d most easily by means 
of cross-sections of an early developmental stage of th< adult 
(Figs 11 19) The common excretory duct, opening at tin ex¬ 
cretory pore posterior to the opening of the bursa ropululnx, 
is short, its length being equal to the thickness of the body wall 
(tig 19) The common excretory duct divides into two branches, 
which extend ventrad along either side of the bend of the dtsccnd- 
mg limb of the uterus near its posterior end (Fig 19) Near the 
ventral sidt of the body these two branches bend anUmd and 
continue along either side of the descending limb of the uterus 
throughout its length (tigs 14 19) These right and loft ventral 
excretory ducts are the “Uterusgefasse” of Krause In front of 
the anterior bend of the uterus they unite into a large median 
ventral vessel which extends to the posterior part of thi furobodj 
(Fig 13), where it anastomoses with numerous small excre¬ 
tory canals found in the ventral lip of the forebody Uwse 
canals continue antcrad in the lateral regions of the forebody 
(Figs 11-12) 

From the dorsal region of each of the two branches of tin 
common excretory duct (Figs 18 19) a dorsal vessel arches around 
the side of the bursa copulatnx and opens into wide peripheral 
excretory spaces of the dorsal region and sides of the posterior 
half of the hindbody (Figs 16-17) For this reason the right and 
left dorsal vessels of this region of the hindliody are not distin¬ 
guishable from the peripheral excretory spaces In the region 
of Laurer's canal the right and left dorsal vessels again appear 
distinctly (Fig 15), and at a short distance in front of this canal 
they unite into a median dorsal vessel that extends to the anterior 
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end of the hindbody (I'jg 14) Immediately behind the adhesive 
gland at the junction of forebody and hindbody the median dorsal 
and median ventral vessels unite into a vessel that connects with 
numerous small canals in the ventral lip of the forcbody, as already 
explained (Tig 13) 

In the forebody there arc, in addition to a median vessel, three 
lateral vessels on each side One of them lies dorsal to the digestive 
oecum, anotht r is found near the nerve strand, the outermost one 
is located near the margin of the forebody (tigs 11-12) These 
lateral vuwds of the forebody arc small and sometimes difficult 
to distinguish in preserved specimens At the level of the pharynx 
they form on each side a close network which anastomoses with 
th< median vissel Ihc median vcsstl extends poatorad to the 
region dorsul to the holdfast organ (Figs 11 12), where it is dilated 
Behind the holdfast organ it is connected with the lateral vessels 
by means of transverse vessels (Fig 13) It appears probable that 
the median vessel of the forebody is also connected by means of 
small indistinct canals xvith the median dorsal vessel of the hind- 
body 

3 his interpretation of the excretory system of D flexicaudum is 
in complete accord with my findings on the excretory systems of 
Crassiphxala bulboglossa Van Haitama (1925) and Cotylurus fiabellx- 
formi8 (Faust) (Van Ilaitsma, 1931) as far as they were traced, 
except that the dorsal vessels of the posterior half of the hindbody 
of D flexicaudum are indistinct, owing to their anastomoses with 
peripheral excretory spaces Although several previous investi¬ 
gators (Brandcs, 1890, pp 508-570, Poirier, 1886, Guberlet, 
1922) have recognised only two main excretory vessels in the 
hmdbodics of this group of parasites, it Is believed that the inter¬ 
pretation of the excretory system of the hindbody here presented 
will be found applicable to the excretory systems of the hindbodies 
of all adult StngTidae 

Pathological symptom# %n the definitive hosts —- As explained 
above, no pathological effects of the parasites wore observed in 
the tissues of the hosts, but there were indications that the para¬ 
sites ftd upon the blood of the host Heavy infestations appeared 
to retard the growth of the gulls and to keep them in an emaciated 



Stngetdae Dtploatomulum fiexxcaudum 4*13 

condition oven though th( y were well fed Weakness and nervous¬ 
ness were also indicated by the movements of flit wings of the 
birds In birds heavily infested the wings drooped repeatedly, only 
to be drawn back spasmodically feuch movements were continually 
observed m my gulls for about two weeks tiefore tin y were killed 
It can only be conjectured whether th< movements m re caused by 
secretions of the parasites or by the mechanical irritation of the 
parasites upon the intestinal wall of the host These pathological 
symptoms are similar to some observed by Van Ilaitsma (1931) 
in domestic ducks heavily infested with Colylurux Jlabtllifonma 
(Faust) 

Companion of D flexteaudum and D spathateum - Owing to 
the close resemblanct in structure and life-history Im tween l) 
flexxcaudum and l) xpathaceum, as the latter was described by 
Krause (1915) and Sridat (1924), it is desirable to summarize the 
differences between them The dim< nsions of the eggs of D Ihxi- 
caudum are 0 09 0 115 X 0 57 0 07 mm According to kriust, 
the measurements of the eggs of D spatkaceum arc invnmbly 
0 108 X 0 063 mm According to evidence which will be presented 
in a later article, the miracidium of D flexicaudum was expcrimen 
tally developed in Lymnea emarginata angvlata, but, according to 
Szidat, the miracidium of D xpathaceum develops in L itagnahx, 
L paluxlrts O F Mil 11 and L ovata Drap The cercaria of D 
flexicaudum assumes a characteristic resting position in the wut< r 
With the tail furcae outspread upwardly and with the tail-stem 
bent, the body hangs in the water in a nearly horizontal position 
Szidat (1924, p 251, and Tig 1) describes a different resting posi¬ 
tion for the ctrcaria of D xpathareum I found the diplostomula 
of D flexicaudum in the lenses of the eyes of common suckers of 
North America, Szidat found the diplostomula of l) xpathaceum 
in the eyes of Acmno cernua and fjcucixcux rutilux } and von kord- 
mann found it m the vitreous humor and tht lens of Perea fluma- 
tilix and the burbot (Gadus loia) t ftll in hurope The adults of these 
two species also differ in several minor ways In D flexicaudum 
the pharynx averages slightly longer than the oral sucker and it is 
almost as wide According to Krause, the pharynx of D xjfatha- 
ceum is nearly always shorter than the oral sucker and less than 
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three fourths as wide In I) epathaceum the acetabulum is seldom 
covered by the holdfast organ, but according to my findings this is 
often the case in D flexicaudum It also appears from my measure¬ 
ments of Table I that the ovary of D flexicaudum is somewhat 
larger in proportion to the size of the body than the ovary of D 
spathaceam Then, too, the coils of the uterus between the testes 
appear to bo larger in I) flexicaudum than in D tpaihaceum fn 
view of all these differences it appears that D flexicaudum and D 
epaihaceum are distinct epccu s, but, owing to the many close simi¬ 
larities between them, it is desirable that a careful comparison of 
their structure and Ufe-historioB should be made to prove that the 
differences which I have found are not due to differences in obeer- 
vation In this connection it is of interest that common terns 
banded m America have later betn found in Europt 


PARI II LHK-HISIORY 

The life-history of Diplostomum flexicaudum ((. ort & Brooks) 
was the third American stngeid life-cycle to be determined during 
the summer and autumn of 1927 Infestation experiments here 
described have demonstrated that the adult of this species de¬ 
veloped from Diplostomulum gigas Hughes & Berkhout (1929, 
pp 483 488) and that this mctacercana in turn developed from 
Cerrana flexicauda Cort & Brooks (1928, pp 183-186) The 
taxonomy of this spocics has been discussed in connection with 
the description of the adult, but the identification and naming 
really depended upon a knowledge of the life-cycle, which was 
obtained by means of the following infestation experiments 

Melacercana to adult — Considerations of an a prion nature 
suggested that some of the heavy experimental parasitic infesta¬ 
tions of the herring-gulls of Douglas Lake region were obtained 
from the common suckers of this lake To test this suggestion 
common suckers, Catostomus commersonnu (Lac<*p£de), were fed 
to two nestling hemng-gulls, Lams argentatus (Pont), during the 
summer of 1926 A post-mortem examination of these birds re¬ 
vealed that the intestines of each contained more than one hundred 
individuals of a species of Diplostomum In all stages of develop- 
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ment from metacercanne to sexually mature adults Since both 
gulls had been obtained from their nesting grounds on June 29, 
when they were only about one week old, and thereafter had been 
fed dunng seven weeks only on cooked fish and the suckt rs which 
were given them for experimental purposes, these feeding experi¬ 
ments indicated clearly that the common suckem were the source 
of the infestation Previous expemm nf s by the Lhrhardt brothe rs 
(Braun, 1894, pp 105 167) had d< monstrated that Diploxtomum 
upcUhaceum (Rud ) develop d from a diplostomulum (Diphsiomum 
volvens von Nordmann) in Luropc Tt was presumed, therefore, 
that Diplostomum jiexicaiidum also d( ve le>j>* d from a diplostomu¬ 
lum La Rue, Butler and Bcrkhout (1926, pp 285 286) had aln ady 
pointed out that the crystalline lenses of the eyi s of more than 
94 per cent of the common suckers of Douglas Ijike wert hervily 
infesti d with metnet rcariae, which averaged more than thirty in 
each eye Hughes and Bcrkhout (1929, pp 483 486), afb r a 
careful Btudy of the so metacercanao, considered them all to belong 
to one apt cies of diplostomulum, and my observations 1<h1 me to 
accept thf ir interpretation Therefore it was concluded from the 
experiments of 192b that the diplostomulum of fcho e>cs of th< 
common sucker of Douglas Lake developed into the adult Diplosto- 
mum found in my expcnnru ntal herring-gulls 

this conclusion, drawn from the experiments of 1926, was 
carefully tested during the sumnur of 1927 Two hcrrmg-gullH 
about one week old were obtained from their nesting grounds and 
kept in cages where th< ir food was under complete control, except 
for insects which might r nter the cages The birds were fed cooked 
fish and occasionally pieces of fresh beei The water supplied to 
them was pumped from a well In the course of the experiment 
one hundred and thirty-nine eyes of common suckers wire fed 
to the two gulls between July 9 and August 8 One of the birds 
was killed on August 8, and the other on August 13 1 hey were 

carefully examined for their parasites and each was found to con¬ 
tain more than two hundred Diplostomum flexicnudum in various 
stages of development The gull killed first contained some in¬ 
dividuals developed only slightly beyond the diplostomulum stage 
The uniform results of these repeated experiments established 



490 


John P Van Haitsma 


beyond doubt that the diplostomulum of the eye of the common 
sucker of Douglas Dike is the metacercana of Dipfonlomum flexi- 
caudum 

The tyg* — On August 8, just before the first gull was killed, 
several hundred eggs wire collected from the feces of both gulls 
The eggs, curt fully separated from all solid matter and repeatedly 
washed in clean water, wire k< pf in wt 11 water in labeled watch 
glasses The development of mimcidia in thesi eggs was observed 
from time to time, but was not can fully studied Since all the 
stngeids, scn*u lalo, found at the autopsy of these gulb belonged 
to this one species, there is no doubt that these (ggs also belonged 
to the same sp< cits 

Miracutia - Miracidia wtre first observed in the disheB con¬ 
taining the eggs on August 27, nineteen days after the eggs were 
collected, and thereafter the} appeared daily for about two weeks 
They hatihed in larger numbers during the morning than during 
afternoon or night The explanation for this phenomenon may 
be found in the method of hatching of the miracidium The 
loosening of th< operculum of the egg is probably a chumcal, 
rather than a mechanical, process, depending upon a secretion of 
the miracidium rather than upon the pressure exerted by the 
miracidium Barlow (1926, p 24) discussed such an explanation 
for the hatching of the miracidium of Fasctolopsta bunkt and it 
seems to im to be a plausible explanation for the hatching of this 
miracidium The rate of development doubtless vanes directly 
with the temperature and consequently development continues 
mort slowly dunng the night, but hatching ia apparently delayed 
by darkness, possibly because light stimulates the production of 
the secretion employed in loosening the operculum These mim¬ 
cidia are positively phototactic toward diffused light In a 
darkened room they appeared to show some preference for the 
dimly light* d sfde of a watch glass They usually swim near the 
surface of the water In thiB stratum the snails into which they 
penetrate arc also found m largest numbers during the daytime 

A reason for believing that the eggs from which these miracidia 
doveloped all belonged to one species has already been stated An 
additional reason for this belief may now be given, for a detailed 
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study showed that the miracidia were similar in all respects They 
are described tielow 

Infestation experiments with miraruha upon snails - In i ight 
infestation experiments from August 31 to September 6 the follow¬ 
ing snails were exposed to these miracirlm, or miracidia and eggs 
Planorbis trivolms Say, Lymnea stagnahs pnampin Walker, L kin- 
ceata Gould, L emarginata angulata Sowtrby, Physa jmrken ' t ur- 
ner ’ De Camp, Physa gynna Bay and Planorbis companulatus 
Bay These snails, most of them al>out half-grown, had been col¬ 
lected from Douglas Laki more than three weeks 1 m fore the in¬ 
festation experiments began and during that time they had be< n 
kept in aquaria in the laboratory Hen infestation with imnridia 
was impossible, for they were kept in well water and wore fed 
lettuce which had been grown far from thf lake In each of the 
eight experiments miracidia were placid in water in watch glasstH 
together with a specimen of seviral species of the snails nuimd 
above and they were observed under a dissecting microscnp*, but 
in no case was the actual penetration of a miracidium into a snail 
observed Thereafter the miracidia, together with < ggs in some 
instances, and the snails were kept in labeled bottles whore till 
snails were cared for in the same way as they had been in the 
aquanum 

Miracidia to cercariae —On October 15 and 16 three of thi 
eight experiments involving miracidia of Diplostomum flexicaudum 
and the snails yielded positive results, since om snail of t uch of 
those three experiments produced cercamo In one of thise ex¬ 
periments the snails had been exposed to three miracidia and 
twenty erabryonated eggs on August 31, and in each of the other 
two experiments, to twclvi miracidia on September 1 It is note¬ 
worthy that the weather was unusually warm during the two 
days when these infestation experiments were performed and that 
the number of miracidia which hatched was greatest during thal 
time The uumcidia also appeared to be <xtraordmanly active 
In the three experiments yielding positive results all of the seven 
species of snails named above were represented, but thi oercnriae 
came only from three specimens of Lymnea emarginata angulata 
Sowerby A careful, detailed study of th< cercariae showed 
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that they were similar in all respects and consequently that they 
belonged to one species Professor W W Cort confirmed my 
identification of them as Cercarta flexicauda Cort A Brooks, 1928 
Three kinds of evidence warrant the conclusion that Cercarta 
jlexicauda, obtained in three of my experiments, resulted from my 
experimental infestation of the snails with nuracidia The water 
in which the snails exposed to the miracidm were kept was care¬ 
fully watched for the appearance of oercariae, but none were found 
m it until forty-five days after the experiments This period agrees 
with the results of the expenments of Mathias (1925, p 63) upon 
Stngea tarda (Steenstr), in which a corresponding development 
required six weeks, and also with the result of my experiment 
(Van Haitsma, 1930) upon Cotylurus mtchtganemts (La Rue), in 
which the time of development from miracidia to cercanae was 
forty days 1 Iil alternative that my snails were already infested 
with miracidia when they wt re colli ct* d from Douglas Lake would 
imply that thi development of Cercana jlexicauda from miracidia 
durmg the warmest season of the year required more than sixty 
days, a conclusion that seems unreasonable Iht fact that all 
thn c of my experiments were consonant in all respects also shows 
clearly that Cercarta jlexicauda resulted from my experimental 
infestation of Lymnca emarginala angulata with miracidia More¬ 
over, the later described infestation experiments with Cercarta 
jlexicauda on suckers demonstrated that these ccrcarme continued 
their devdopment in the crystalline lens therefore it is con¬ 
cluded that Cercarta jlexicauda is the larva of the Diplostomum 
obtained by mi from the herring-gull 

Snail host of the mtractdium - Prom the fact that I obtained 
Cercarta jlexicauda from Lymnea emarginala angulata only, it 
should not be inforn d that this species of snail is the only possible 
host of this cercana Cort and Brooks (1928, pp 183-186) ob¬ 
tained it from the following snails Lymnea emargtnala angulata 
Sowerby, L slagnalts appresm Say, L etagnahs perampla Walker 
and L humilis modtcella Say It is not clear why only one species 
of Lymnea proved to have become infested with miracidia in my 
experiments, since other species of this genus of snails were exposed 
to the miracidm at the same time Several of my exposed snails 
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died during the experiments It may be that Home of them died 
owing to unobserved infestations During my experiments no 
definite response of the miracidium of Diplostomum flexxcaudum 
to the presence of any species of snail was observed For these 
reasons I do not infer such a definite host apt cificity for this mira- 
cidmm as the results of my experiments seem to indicate 

Infestation experiments with cercanae upon suckers — In order 
to complete this life-cycle experimentally three infestation experi¬ 
ments were performed with cercanae of D fiertcaudum on suckers 
by pounng small amounts of water containing the cercanae into 
the aquaria containing the fishes These experiments demon¬ 
strated that the ctrcuriac penetrated the fishes and severely irri¬ 
tated them during the penetration In all of my experiments tho 
suckers died too soon after the penetration of the circariae to 
permit the metacercanae to develop fully Post-mortem examina¬ 
tion of the fishes revealed large numbers of partially developed 
metacercanae in their eyes, and some within the lens capsule 
Since the cercanae penetrate all parts of the bodies of the fishes, 
the expenments demonstrate clearly that the metacf rcanae nor¬ 
mally inhabit the crystalline lens and to this extent present evi¬ 
dence for tho genetic connection of the stages of this life-history 
already mentioned These experiments will be desenbed in gnater 
detail below in connection with th< discussion of thi cercana 
Reasons will also be presented there for the belief that this para¬ 
site is the cause of numt rous deaths of fishes in nature and in 
breeding ponds, and that it ih therefore of considerable economic 
significance 


rBh MIRACIDIUM 

Form and measurements — 1 his miracidium is fusiform, widest 
about one third of its length from the pointed anterior end, and 
roundly truncate posteriorly Its outline is nearly circular in 
anterior view A moderately extx nded si>ecunen measured under 
a cover-glass is about 0 17 mm long and 0 04 mm wide at the 
level of the two conspicuous eyespots (Fig 24) i he eyespots arc 
normally found m the region of the greatest width The shape 
and measurements of the miracidium may differ very much in 
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different contraction states In a greatly contracted specimen the 
length may be one half as great and the width may be almost 
twice as great ha the corresponding measurements of a moderately 
extended specimen 

MovemcrUs — The movements of the miracidm of Dtplosiomum 
fiexiraudum are more evui and appear to be more purposeful than 
those of Paramoeemm Barlow’s (1925, p 27) description of the 
movements of the miracidia of hwtnoloptns bu#ki (Lankester) aro 
applicable here, for the present miracidm also swim about as if 
they were eagerly seeking something Although these miracidm 
can back away from solid objects, thur movements are usually 
forward Ordinarily when they are swimming in a watch glass 
their tyespots remain on the upper side, but occasionally one may 
be observed to roll about on its long axis without changing its 
rate of progn ss At times, a miracuhum may <n ase its forward 
movement and employing either its anterior or its posterior end 
as a pivot may spin about so that its movement circumscribes a 
cone If a miracidium under a cover-glass comes m contact with 
an air bubble, it may slowly glide along the surface of the bubble 
while constantly attempting to penetrate the surface film with 
its protrusile anterior end Similar penotrating movements have 
also been observed in miracidia which came in contact with a slip 
of paper cmployt d to hold up the cover-glass 1 he actual move¬ 
ments of penetration of a miracidium of this species into a snail 
have not bo< n observed , 

Ctlta —These miracidia swim by means of cilia which are 
about ten micra in length The cilia completely cover the body 
except at the anterior tip and at the two conspicuous lateral 
processes found on each side of the body immediately in front of 
the level of the eyespots and between the epidermal plates On 
the dorsal surface of the miraudium of Strtgea tarda MathiaH found 
a rectangular area, free from cilia, directly above the eyespots 
Such a non-cihated area was not found in the present miracidium 
Ciliary movements are maintained unceasingly as long as the 
animal is alive Fven if the an tenor part of the body is ruptured 
so that its cells flow out, the cilia on the postenor part of the organ¬ 
ism may still continue to beat for a long time 
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Eyespots and nervous system — The most conspicuous organs 
of the miracidium are a pair of dark brown, almost black, eyespots, 
which are located doreally and laterally in tho region of greatest 
width They have the form of thick hemispherical bowls and are 
composed of numerous spherical, melanotic granules Irom the 
laterally directed concavity of each eyespot two lenses protrude 
outward and forward Underneath the eyespots there w a mass 
of comparatively large spherical oells with granular contents The 
extent of this mass of cells appeared to vary in different specimens 
and its outline was difficult to determine, but numerous attempts 
to determine its shape led to the conclusion that it is bilobod 
(Fig 24) Cort (1919, pp 511-510) represents the nervous systems 
of the miracidia of Schwtoaoma mansoni and Sch japontewn as 
oval to quadrangular, and Sewell (1922, p 285) figures the nervous 
systems of the miracidia of Sch haematobium and of Cercana 
Indicoe XV as oircular in outline Mathias (1925, p 37) describes 
tho nervous system of the miracidium of Stngea tarda as circular 
in dorsal view, while Barlow (1925, p 23) represents this organ 
as irregularly rectangular in tho miracidium of Famolopsis buskt 
These differences in the descriptions of the nervous system are 
probably in part indicative of the difficulty experienced in deter¬ 
mining its outline Nerve filaments proceeding from its cells, such 
as Barlow (1925, p 2d) observed to extend forward and backward 
from this organ in tho miracidium of Fasciolopsis buski t were not 
seen in the miracidium of D flexicaudum Faust (1924, p 28, 
and Fig 11) has described the central neural mass of Schistosoma 
japonicum as circular in outline In dorsal view, but his Figure 11 
also shows masses of gland cells at the sides of the neural mass, 
so that the neural mass and tho masses of gland cells together 
have a more bilobed shape I was not able to distinguish gland 
oells as described by Faust In fact his observations on this point 
have not been confirmed by other workers 

Primordial digestive organ — Extending along tho median 
region of the anterior part of the body to its tip there is a clavate 
rudiment of a digestive system which is composed of largo cells 
In some specimens this club-shaped organ seemed to extend ventral 
and posterior to the brain, but its extent posteriorly could not be 
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definitely determined In the anterior part of the body this organ 
was more distinctly visible and it appeared to be more ngid than 
the surrounding tissue This rigidity is doubtless duo to the 
turgidity of its cells In keeping with its appearance of greater 
ngidity the protoplasm of its cells was more densely granular 
In the present miracidium there were slight indications of an 
internal canal m this organ A similar hollow digestive organ was 
reported for the miraculia described by Sewell, Mathias and Bar- 
low Although this may b< a rudimentary digestive organ, as is 
generally supposed, its position and rigidity suggest that it also 
performs an important function during the penetration of the 
miracidium into a snail “bahvary glands/’ such as Sewell de¬ 
scribed for tht miraculia of Sch haematobium and tercarm Indica# 
XV, could not be d< finitely discerned 

Excretory system — As in other Stngeata (La Hue, 1926 
p 276), there are two pairs of flame cells in the miracidium of 
D jlexicaudum (!ig 24) Ihc antenor pair is located near the 
dorsal surface a short distance behind the eyespots and the poste¬ 
rior pair is found in the lateral posterior region, between the third 
and fourth quarters of the body The flame cells are large in 
proportion to the size of the body and their flickering appearance 
becomes more distinctly visible as the water under the cover-glass 
is diminished Ihe proto-nephndial systems of the two sides of 
th( body are not connected with each other On each side of the 
body capillaries extend from the ant( nor and posterior flame cells 
to a point about half-way between thorn, whtre they unite to 
form a mam collecting tubule I rom its point of origin each main 
tubule extends forward almost to the eyespot on the same side 
of the body Hero the mam tubule bends posterad and continues 
almost directly to the region of the posterior flame cell where, 
after forming a double coil, it arches forward and outward to the 
excretory pore / Each excretory pore opens to the outside laterally 
near the level of the posterior flame colls Between the organs of 
the interior and the body wall of the miracidium there is a space 
m which the main excretory tubules are dilated into htfcle ampulh- 
form bladders just before they open through the excretory pores 
These bladders are closely similar to those observed in the furcae 
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of tho cercanae of this species Since the internal organs are 
attached to the body wall at only a few points, especially at tin 
anterior and posterior ends of the miracidium, and since these 
internal organs are independently contractile, there is an almost 
constant shifting of the relative position of the organs with refer¬ 
ence to points on the body wall Thus the posterior flame cells 
may be found either before or behind the openings of the excretory 
pores The internal organs may also shift their positions with 
reference to each other So, for ( xarnple, the posterior flame c* lls 
may point meaad instead of posterad This shifting of the inti mal 
organs and the changes in their shape make difficult the accurate 
detailed description of a typical miracidium 

Epidermal plates — The cilia covering the miracidium project 
from epidermal plates, arranged in four transverse tiers (hig 20) 
The plates of the two anti nor tiers could readily be distinguished 
in moribund specimens, but those of the two posterior tiers were 
more difficult to distinguish These plates, as seen in optical 
section, appear to have thick bands somewhat resembling cell 
walls extending from their external to their internal surfaces 
(Figs 21-23) The studies of Thomas (1883), Schubman (1905) 
and Ortmann (1908) upon the embryological ongin of the plates 
and of Coe (1896) on their structure have shown that each plate 
represents a single cell Nuclei were not seen In moribund 
specimens the ectodermal plates were sometimes sloughtd off 
severally, each as a unit Only in this way was their number 
in the two posterior jtitrs determined In a dorsal view the fore¬ 
most tier showed three plates, the second four, the third two, and 
the fourth one and one half If one assumes that the dorsal and 
ventral surfaces arc alike with respect to the number of plates, 
there are twenty-one plates in all, the same number which Mathias 
(1925, p 38) found in the miracidium of Strtgea tarda The bound¬ 
ary between the first and second tiers of plates is found imme¬ 
diately in front of tho eyes, that between the second and third 
tiers is located near the middle of the body, and that between 
the third and fourth tiers crosses the miracidium immediately 
behind the excretory pores 

lateral processes — Lateral processes similar to the larger 
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lateral processes of this miracidium (Figs 20-24) have been 
represented for the miracidia of Sch mansont and Sch japontcum 
by Cort (1919, pp 511-516) and of Sch haematobium and Cercaria 
Indicae XV by Sewell (1922, p 285), but both these investigators 
represent only one process on each side of their respective mira¬ 
cidia Cort called these processes anterior ducts Sewell (1922, 
p 287) believed that the similar processes of the miracidia of 
Cercaria Indicae XV and Sch haematobium are connected with 
excretory canals which he supposed to he between the ectodermal 
plates of the first two tiers 

In the miracidium of D flexteaudum there are two lateral 
processes in senes on each side and situated at the level of the 
boundary between the two antenor tiers of plates The posterior 
process is always the larger The cuticle of this lateral process is 
thin and is bulged outward According to Faust (1924, p 28), 
similar processes in the miracidium of Sch japonicum represent 
the ends of ducts carrying to the outside a mucoid secretion from 
glands lying at the sides of the central norvo cell moss, but such 
an explanation for the larger lateral processes of the present 
miracidium was not indicated by my observations The smaller 
anterior process on either side appears to be a thin outwardly 
bulged portion of the cuticle of an epidermal plate 

Inasmuch as lateral processes have been observed in the mira¬ 
cidia of three genera of the Stngeidae, vi*, Diplostomum, Coty- 
lurus and Crassiphiala, as well as in the miracidia mentioned above 
and described by Cort, Sewell and Faust, it is remarkable that 
Mathias (1925, p 37) did not find such processes in the miracidium 
of Strtgea tarda Mathias showed a projecting ring of tissue en¬ 
circling his miracidium immediately in front of the eyespots Such 
a ring was not observed in my miracidia Possibly Mathias mis¬ 
interpreted these processes as optical sections of a ring The 
lateral processes of the miraoidium of D flexteaudum are found 
only at the sides of the body, as was evident from an anterior 
view and also from the appearance of the rotating miracidium 

Primordial germ cell* — In the posterior end of the miracidium 
of D flexteaudum a variable number of large granular oells are 
arranged in a longer or shorter row which forks anteriorly Cor- 
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responding cells in the miracidium of Sch mansom as described 
by Cort (1919, pp 511-516), and of Sch haematobtum and of 
Cercaria Indicae XV described by Sewell (1922, pp 285^ 287), 
have been interpreted to be primordial germ cells The foremost 
of these cells may be separate from the rest, become rounded and 
lie free in the miracidium Mathias did not describe similar cells 
in the miracidium of Singea tarda The interpretation of these 
cells is of considerable interest, for it involves the explanation of 
the method of formation of the daughter sporocysts Investiga¬ 
tors are agreed that miracidia upon penetration into their proper 
snail hosts develop into mother sporocysts, but opinion is divided 
concerning the method of formation of the daughter sporocysts 
(Ssmitsin, 1909, pp 664-682, Mathias, 1925, p 45) 

THE 8POHOCY8T 

Description and contents —On December 17, 1927, a snaii 
which had been producing cercanae for more than two months 
was examined for its sporocysts Upon removal of the shell of 
the snail it was observed that its digestive gland had a mottled 
appearance due to the fact that it was riddled with sporocysts 
The color of the sporocysts is pfile yellow, hghter than the color 
of the digestive gland which is brown The sporocysts arc long, 
unbranched, thread-like tubeB (Fig 26) In living material thur 
walls appear thm and granular They are so delicate that they 
could not be separated from the digestive gland of the snail without 
breaking The largest picoes which were freed from the snail were 
almost 1 mm long Each piece was constricted more or less at 
irregular intervals and bore some resemblance to a string of 
sausages On account of the constrictions the diameter of a 
sporocyst may be twioe as great in one place as in another A 
large sporocyst measured about 0 1 mm in diameter in the inter- 
node between the constrictions From unbroken ends of pieces 
of sporocysts it could be determined that one end of a sporocyst 
is closed and rounded, and that the opposite end contains a narrow 
birth-pore (Fig 26), so narrow that the cercanae must enlarge 
its opening considerably In order to escape through it I igure 26 
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shows thut the birth-pore 1 s not exactly in the center of the end 
of the sporocyst In cross-sections it appeared that the wall of 
the sporocyst was thin m some places where it consisted of only 
one subcuticular layer, and in other places thicker where the cuticle 
was lined with several luycrs of cells Within the sporocysts were 
found large sphincal cells with conspicuous nuclei, cell masses 
varying in shape from spherical to ovoid, and fully developed 
cercanae (Fig 20) In other parts of the sporocyst a fibrous net¬ 
work with small scattered nuclei was observed The large cells 
were probably ova, the all masses represent germ balls develop¬ 
ing into cercanac 


THE CERCAUIAL STAGE 

Identification — Ccrcantu of this species were obtained Oc¬ 
tober 16 and 10,1927, from three specimens of Lymnca emarginata 
anqulata Sowerby, from which they escaped into the water They 
were carefully studied and tentatively identified as Cercarta jtexi- 
cauda Gort & Brooks, 1928 My description, together with some 
specimens fixed and preserved in hot 5 per cent formalin and 
others stained and mounted on slides, was sent to Professor 
W W Cort, who confirmed my identification For a description 
of this cercaria the reader is referred to the work of Gort and 
Brooks (1928, pp 183-186) 

Infestation experiments —Two hog-nosed suckers, Ilypenie- 
hum nigrtcana Le Sueur, which had been caught m the Huron 
River nuir Ann Arbor and kept in an aquarium in the laboratory 
for five weeks, were exposed to these oeroanat on October 19 
That the oerounae penetrated them was evident from the actions 
of these normally sluggish fishes They became exceedingly active 
and swam about in the aquanum in a spasmodic erratic fashion 
Sometimes they also made quick oscillating movements from side 
to side as if tcy brush away a source of irritation At other times 
they frantically leaped from the water Four days after the ex¬ 
posure to the ccrcanae it was discovered that they were severely 
infested with a protozoan parasite, Ichthyophthirius Treatment 
to kill the Ichthyophthirius also killed the fishes Thereupon the 
eyes of one of the fish were examined and more than one hundred 
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developing metaceruirme were found in them Umt thu* were 
the same species of cercariae to which the fish had been exposed 
was clearly shown by the seven rows of spines on the spiny cap at 
the antx nor end No well-developed sp< cimens of diplostomulum 
were found The presence of tlust young motaa rcariae m the 
eyes demonstrates conclusively th it thiB comma is a form which 
normally lives m the eye 

Another hog-nosed sucker, about inches long, which had 
been kept in thi laboratory for one week, was mfesUd with the 
same species of cercanac on November 3, 7 and 10, 1927 The 
fish reacted to th< penetrating ccrcariae as the two pn viously 
described hog-nosed suckers had done At times it leaped entirely 
out of the water, just as fishes have often been observed to do in 
lakes Probably the similar movements of fishc s in lakes are also 
due in part to the penetration of cercariae The eyes of this 
fish appoared bloodshot on November 7 with a wide blood-colort d 
nng around each pupil Between this red ring and the pupil 
there was a narrower pale ytllow ring A red streak probably 
due to congestion of blood was also noted at the base of each 
pectoral fin Those symptoms remained until Novcmtx r 11 when 
the fish was found dead at the bottom of the aquarium At that 
time the eyes, which noticeably protruded from the head, were 
removed for examination Under a lens parasites could be seen 
through the black pupil as whitish flakes Attempts to tear open 
the tycballs revealed that they were unusually turgid and hard, 
a condition restmbhng glaucoma The choroid coat of th< eye 
was congested with blood About one hundred cercariae w< rt 
collected from the eyes and fixed in corrosive-acetic at about 80° t 
for future Btudy No fully dt veloped metacercanae were found 
The mctaoercanoe appeared to fcn in about the same stage of 
development aa in the two previously described hog-nosed suckers, 
but some of them had already rnterrd the crystalline lens 

A common sucker, Colostomas comma sonnn (Lac<5pi\ie), about 
four inches long, which had been kept in the laboratory about 
one month, was exposed to the cercariae of D flexicaudum on De¬ 
cember 14 The responses of the common sucker to the penetra¬ 
tion of these oercanae were similar to those of the hog-nosed 
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suckers described above On the following day, however, this 
fish was found dead on the bottom of the aquarium 

Pathological effects upon fishes — There is no doubt that the 
penetration of large numbers of the cercariac of D flexicaudum 
(Cort 6c Brooks) into both species of suckers of the two experiments 
last described was the cause of the death of these fishes The 
results of my experiments agree with the experience of Blochmann 
(1910, pp 47^49), who accidentally placed eight specimens of 
Lymnea stagnate in an aquanum with several 4ishes The next 
morning all the fishes in his aquarium were dead Examination 
showed that furcoccrcous cercariae, Cercana fisstcauda La Val, 
were escaping from the snails In order to determine whether 
these cercariae caused tho death of his fishes he performed several 
infestation experiments with Cercana fisstcauda on fishes of dif¬ 
ferent genera and also on salamander larvae In every experiment 
the result of the experimental infestation was tho death of the 
vertebrate By careful experiments he eliminated other possible 
explanations than cercarial infestation for the death of his fishes 
He also performed an experiment which indicated that the death 
of his fishes was not due to toxins produced by the cercariae and 
therefore ho supposed that mechanical injuries inflicted by cer- 
canae upon their hosts wore the causes of death Blochmann 
examined the blood and brain of an experimentally infested fish 
and found cercanae in them as well as in other tissues From his 
observations he concluded that the movements of the cercanae 
through the tissues, particularly of the vascular and nervous 
systems, were the most probable causes of the death of his fishes 
The reactions of Blochmann's fishes to the penetration of 
cercanae were similar to those which I have observed in my ex¬ 
perimental fishes, but mine did not die so quickly, probably be¬ 
cause my cercarial infestations were not so heavy Owing to tho 
fact that Blochfnann’s fishes died very quickly he did not observe 
such marked symptoms of infestation as I did 

Economic significance — These expenments indicate that fishes 
in breeding ponds and in nature which swim into areas inhabited 
by snails producing strigeid cercuriae may bo killed by the pene¬ 
tration of large numbers of these cercariae It is believed that 
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of the thousands of fishes which are at times washed up on our 
lake shores every summer the deaths of a considerable percentage 
are due to mass infestations of furcoccrcous corcanoe Szidat 
(1927, pp 83-90), who made definite observations on the causes 
of the death of fishes in the Runschen Haft in connection with 
his life-history study of Dtplostomum spathaceum (Rud ), concluded 
that the cercarlae of this species in European lakes caused the 
death of thousands of Acenna cernua and Leuctscua ruhh» Al¬ 
though I have not made a careful study of the causes of the death 
of fishes at Douglas Lake, my observations on fishes in nature 
support the belief that large numbers are killed by stngeid cor- 
oariao in this country also I have seen epidemic deaths of fishes 
under conditions similar to those observed by Szidat Som< of 
these fishes showed bloody spots and streaks and abnormally 
congested bulging eyes, just as Szidat described Consequently, 
I too conclude that the cercariae of D jlexicaudum cause the diath 
of a large proportion of the thousands of fishes which are found 
on the shores of Douglas Lake every summer Since this species 
is the most numerous of all kinds of furcoceroous cercariae found 
in Douglas Lake (Cort and Brooks, 1928, p 183), it probably is 
also a proportionally important cause of the death of fishes there 

My experiments, those of Blochmann (1910, pp 47-49), and 
of Cort and Brown 1 have shown that stngeid cercariae will pene¬ 
trate and may kill other fishes than those in which they normally 
develop Consequently, the deaths not only of th< common suck¬ 
ers of Douglas Lake, but also of other fishes may be duo to the 

1 Professor W W Cort and Dr H W Brown have kindly permitted me 
to publish their records of the results of mfestation experiments with cercariae 
of D flencaudum upon three kinds of fishes and also upon frog tadpoles The 
fishes employed in these experiments were obtained from Vincent J ake, an acid 
lake (Jewell and Brown, 1024 pp 77-84) in which the fishes were known to be 
fres from trematode infestations. Fourteen yellow perch Perea flaveecene, 
and about one hundred young bull heads, A met urn* nebulosus were exposed 
to these corcanoe About one month later the fishes of both species which still 
survived contained variable numlten of not yet fully developed metacercanoe 
in the lenses of their eyes A similar exposure of two small pickerel, Benz 
luctue, yielded, six weeks later, fully developed specimens of diplostomulum 
in their crystalline lenses Other expenments proved that those oeroanae 
readily penetrated other kinds of fishes Tadpoles exposed similarly contained 
only degenerating cercariae, also m their eyes after one month 



510 


John P Van Haitsma 


cercanac of I) fiexitaudum Likewise, the deaths of fcho common 
suckers of Douglas Lake are doubtless due not to this species of 
cercann alone, but also to other stngud cercanac On this ac¬ 
count it appears that these fatal epidemics among fishes cannot 
be prevented by the destruction of a few species of snails, since 
many kinds of snails and cercanae an involved m the deaths 
1 hough a reduction of the number of Lymneidao in a lake, 
as Szidut (1927, pp 83 90) proposed, will help to reduce the 
mortality mt< of fishes, it is hoped that a careful study of the 
physiological requirements of iniracidia and cercanae will sug¬ 
gest more practicable measures for the conservation of our 
fishes 

As already explained in the introductory description of the 
life-history of this species, there are often found in nature common 
suckers which have large numbers of fully developed diplostomuia 
of D ftexicaudum in the lenses of their eyes Usually these fishes 
do not show marked symptoms which can be attributed to their 
infestations The mf( station has doubtless taken place so gradu¬ 
ally that the injuries mttuted by the penetrating cercanae were 
not fatal hatal injuries are inflicted only when large numbers of 
cercanac penetrate the fishes at the game time After the meta- 
ccrcanac have lodged in the crystalline lenses of the eyes they 
probably are not severely mjunoua unless they are present m 
large numbers (Hughes and Berkhout, 1929, p 484) Thus it 
can be explained that the common suckers of Douglas Lake may 
harbor thirty metaccrcanue of D ftcxicaudum in the lens of each 
eye without succumbing to the infestation 


THE DIPLOSTOMULUM 

Host and habitat —As explained in the introductory descnj>- 
tion of ray feeding experiments, an avemge of thirty diplostomuia 
of D flexxcaudum was found in 94 per cent of the common BUckers 
of Douglas Lake by La Hue, Butler and Berkhout (1920, 
pp 284-280) They were found in the lenses and not in the humors 
of the eyes Iheao met a cercanae are not encysted and they 
appear to be all of one kind Their morphology has been de- 
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scribed by Hughes and Berkhout (1929, pp 483-488) and there¬ 
fore is not discussed here In this connection it is significant to 
note that the metncercariae of lhplodomum spaihaoeum (Rud ), 
called Diploatomum volvens von Nordraann by Braun (1894, 
pp 165-107) m the description of the feeding experiments per¬ 
formed by the Ehrhardt brothers and also by Szidat (1927, pp 83 
90) in the description of the life-history of this spicits, was found 
in both the lenses and the humors of the eyes of Acmna cernua 
and Ijeuctscus riUth* But the fully developed diploHtomula of I) 
fiexicanda wore found only m the lenses of the ryes of the common 
suckers, CaloBtomus commersonnn , the only sp< cies of fishes in which 
I have studied them Because of the morphological difft n rices 
described by Hughes and Berkhout (1929, pp 483^488), it appears 
justifiable to distinguish specifically between the diplostomulum 
of D spathaceum and that of D flextcaudum The belief that the y 
are distinct species is also Btn ngthened by my comparative study 
of the adults, presented in Part I of this paper 

Summary of life-history - The rate of development of D 
flexicaudum doubth ss vanes with the temperature, but at summer 
temperatures in Michigan development proceeds approximately 
as indicated in the following outline 

Eggs in the feces of the hernng-gull are deposit! d in water 
From these eggs miracidia hatch in about three waks After 
escaping from th< eggs the miracidia penetrate Lymnea ernarginata 
angulata Sowcrhy, and probably other snails, within a few hours 
Inside the snails the miracidia transform into mother sporocysts 
which in turn produce daughter sporocysts Within the latter 
cercanae develop in about six weeks after the penetration of the 
miracidium into the snail The ctrcanae escapi from the snails 
and lead a free-swimming life for less than a day They pern irate 
various parts of the body of the common sucker and travel to the 
eyes of these fiaheB, finally coming to rest within the lens capsule, 
where they grow and metamorphose, into the diplostomulum stage 
It probably takes about five or six weeks from the time that the 
cercanae penetrate into the fishes before the diplostomulum has 
reached the infective stage When common suckers are eaten 
by herring-gulls the diplostomulum attains sexual matunty in 
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their intestines in less than one week The length of life of the 
adult D fiexteaudum within the gull was not determined 

The life-cycle of D fiexteaudum agrees in general with the de¬ 
scription of tho life-cycle of D apalhaceum as described by Szidat 
(1927, pp 85-86), but Szidat does not explain the time required 
for the development of each stage The snail and fish hosts of 
the two species differ Tho rate of development of D fiexteaudum 
appears to agree quite closely, according to results in this paper 
(also Van Haitsma, 1931), with that of Cotyluru* flabeUtformts 
(Faust) and C michiganensts (La Rue) (Van Haitsma, 1930), and 
also with that of Stngea tarda described by Mathias (1925) 

The miraoidium and the sporocyst have been carefully de¬ 
scribed, the former in considerable detail Tho cercana has been 
described by Cort and Brooks (1928, pp 183-186) and the dip- 
lostomulum by Hughes and Bcrkhout (1929, pp 483-486) De¬ 
scription of the adults and a comparison of adults with related 
forms has been made m Part I of this paper 

The economic importance of the cercaria is considered Studies 
of the results of infestation experiments of the cereariae in fishes 
are discussed They indicate clearly that the penetration of large 
numbers of these cercanae into fishes causes the death of the fishes 
The conclusion is drawn that the cereariae of Z) fiexteaudum also 
cause the death of large numbers of fishes in breeding ponds and 
in nature 
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EXPLANATION Oh PI A ITS 


1 he reference linea near the figures represent 0 l mm 


ABBREVIATIONS 


ac — acetabulum 
off - adhesive gland 
bp — birth pore 
ct collecting tubule 
cut — cutiole 

evd Minmum vitelline dint 
dc — digestive cecum 
dej ductus ejaculatonus 
dex dorsal excretory vessel 
ds — digestive organ 
egc egg cell 
ep — epidermnl plate 
epl epidermal layer 
ex — excretory vessel 
exp — excretory pore 
ffa — genital atrium 
ffb — germ ball 
yc germ cell 
l — lens 

ic ~ Lauror h canal 
ip — lateral process 
lee — lateral sucking cup 


mg — Mehlis gland 
mtwx median ventral excretory veseel 
n — nerve strand 
nx - ner\ous system 
out odtype 
ov ov ary 
ovd oviduct 


rwl right, vitelline duct 
h anterior testis 
/j - jKJstcnor testis 
ut — uterus 

uta uterus ascendons 
uld uterus descendens 
wi vas deferens 
Wi - vas efferens of ti 
itj vas efferens of t% 
tot — vesicle 

vex ventral excretory vosml 
tnt vitelline follicle 
vr - vitelline reservoir 
vx vestcula eoromalia 


EXPLANATION OI PLATES XLIII-VLV 

PLATE X1III 

Fia 1 Reconstruction showing external form, distribution of vitellana anti 
digestive system of D flexunudum Right side view 
Fiu 2 Reconstruction of male reproductive system of D Jlcxtcaudum Right 
wdo view 

Fia 3 Reconstruction of cross-sections, showing the coils of the seminal 
vesicle of 0 JUxxcaudum 

Fia 4 Reconstruction of cross-sections of /) flexxcaudum, showing the rela 
tion of the ejaculatory duct and the uterus to the genital atrium 
Fia 0 Reconstruction of cross-sections of D ftexteaudum showing the re 
lation of the visa efferentia to the vas deferens and anterior testis 
Fia 6 Reconstruction of cross-sections showing the relation of the vitelline 
reservoir, common vitelline duct, otitype, Mehlis gland and aactnding 
uterus Anterior view 
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Tiq. 7 Reconstruction showing the rsUtion oS the asoeading uterus to the 
ovary oviduct, and Laurels oml Anterior view 

Fio 8 Right aide view of the ovary and the junction of Laurer's canal with 
the oviduct 

Fio 9 Right aide view of the mterteatloular coil* of the uterus 
Fio 10 Right aide view of the female genital system 

PLATE XLIV 

Figs. 11-19 A senes of cross-sections of an early adult developmental stage 
to show the excretory system 

Fio 11 Cross-section of the forebody an tenor to the aoetabulum 

Fio 12 Croas-seotion of the forebody in the region of the holdfast organ 

Fio 13, Cross-aoctlon of the posterior end of the forebody 

Fig 14 Crose-section of the bmdbody at the level of the anterior bend in the 
uterus 

Fio 16 Cross section of the hind body through Laurer'a canal 
Fig 16, Croev-eection of the hind body through the anterior testis 
Fig 17 Cross-section of the hind body through the posterior testis 
Fio IS, Cross-section of the hiadbody through the bursa oopulatrix 
Fig 19 Cross-section of the hiadbody through the excretory pore 

PLATE XLV 

Fig. 20 Epidermal plates of the nuraddium of D Jlencaudum 

Fio 21 Optical view of epidermal plates and lateral processes of the mlra- 
ddium of D fUxtcaudum 

Tta 23 Relation of larger lateral process to vesicle in the miracidium of 
V JUxicaudunu A slightly deeper focus than shown in Figure 21 

Fio 23 Optical view of excretory pore of the miracidium of D JUxicaudum 

Fto. 24 A reconstruction of many sketches of the internal organs of the mira¬ 
cidium of D JUxioaudum 

Tig 26 A longitudinal section of the anterior end of the sporocyst of D JUm~ 
ecudam, showing tbs binh-por* 

Fig. 26 An external view cl the posterior end of the sporocyst of D Jtext- 
coudum showing egg oeUs and germ balls 










OBSERVATIONS ON THE LIFE-HISTORY AND 
CONTROL OF THE FERN SCALE, HEMI- 
CHIONASPIS ASPIDISTRAS SIGN 

W H REGINA! D WERNER 
I INTRODUCTION 

^HE fern scale, Htmtchionaspis aspidistra* Sign , has proved 
to be of considerable economic importance to the grower of 
ferns, owing to its rather rapid spread and to the damaging effect 
it has on the appearance and health of the ferns The investiga¬ 
tion included herein was begun in the fall of 1928 and had as its 
objective the discovery of the essential details of the life-history 
of this ooedd and the development of methods of oontrol This 
study extended over a period of about six months and was earned 
out at the University of Western Ontario, London, Ontario 

This problem was suggested by Professor J J Davis of Purdue 
University, Indiana, and was directed by Dr J D Detwilcr of 
the University of Western Ontario, to whom grateful acknowledg¬ 
ment is due for his valued advice and interest I am indebted also 
to Professor J W Bums, department of chemistry, University 
of Western Ontario, for advioe m connection with the formulation 
of sprays, to Messrs Harold Morrison and A B Gahan, United 
States Department of Agriculture, Washington, D C, for taxo¬ 
nomic aid; to Mr H F Diets, assistant state entomologist of 
Indiana, and Professor G F Ferris, Stanford University, Cali¬ 
fornia, for advice regarding systematic history, and to the various 
greenhouse proprietors of the city of London, who so kindly al¬ 
lowed me the freedom of their greenhouses In conclusion, I wish 
to acknowledge gratefully the assistance of Professor Paul S 
Welch, University of Michigan, in the preparation of this manu¬ 
script for publication 
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II GENERAL DISCUSSION 

f/cmichtonaspis aspidmtrae is sometimes known as the “fern 
scale," or as the "stationary whiU fly " The latter name is due 
to the general n st mblance in appearance of the male scales to 
Tnaleurodes vaporanonum Wtst , the greenhouse white fly 

Information received from Messrs Harold Morrison and 
H F Dit tz and Prof* ssor G t 1 erns Loads the author to liehcve 
that many coccid workers are now placing this spicies in the 
genus Pmnaspi* 

Injury aivl disperml 

This scale, though not, as a rule, a serious pest in most green¬ 
houses, often h( comes quit* numerous on the fcmR k( pt in houses, 
oflices and small fern ones Some greenhouses, however, become 
badly infested with it and the owners usually find it hard to 
eradicate 

The injury caused to the ferns by this scale is peculiar in that 
it, especially the male form, causes a distinct, small, yellowish- 
white blotch on th< leaflet This soon makes the frond unsightly, 
and, if the mft station is heavy enough, ultimately causes the 
death of the frond 

Once established in a greenhouse, the scale spreads rapidly, if 
one considers that itH cluef means of transportation is by crawling 
from one fern to the next one in contact with it Of course, it is 
greatly aided by transfennee of the infest* d ferns from place to 
place in the greenhouse or by any jarring of fronds overhanging 
a neighboring fem One gteuihouse was visited on Novembtr 1, 
1028, and a large number of the ferns examined for this scale, but 
no scale of this species was found It was visited again about the 
last of Pewmber, and, though no thorough inspection was made, 
there were no scabs noticeable However, when the greenhouse 
was visited on February 23, 1920, practically every largo potted 
Boston fern was Infested to a moderate degree and a great many 
of the unpotted, young ferns on th< benches were also slightly 
infested A badly infested fern had been sent in to be cleaned 
up and was probably the source of the trouble 
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Distribution and hod plant* 

The fern scab ib essentially a tropical inst ct, tang found m 
the colder chmnt*, only in greenhouses The following are some 
of the locahtu s listed Belgium, Brazil, ( ahfornia eastern Canada, 
Ceylon, Cuba, England, Formosa, trance Holland, India, Japan, 
South Australia, Inmdad, eastern United Stattsand Wist Indies 

If aspidistrae has a considerable munis r ind variety of host 
plants, of which a few are Acacia, Alocnsia, Amnmum, Amu, 
Aspidistra, C apparis, ( nbctm, ( itrus, ( ocos, ( roton, C vanotus, 
Ficus, Gaultherm, Hehchonia, Orchis, Pothos, St milliard hus uid 
T hta 

Aspidistra and tht Boston fern, Nephrolepix eridtatn \ ir fws- 
tontensi8 Davenport, appear to suffer the greatest among the 
greenhouse plants 

III DESCIUI1ION OF THr STAGfS 


The egg is ellipsoidal when laid but, as more and more eggs 
are deposited undir the soilo, it hx conus compressed and mis¬ 
shapen The color depends slightly on the age of the egg Whin 
newly laid, it is pale brown 1 spottid with light brown othir 
blotches, later, however, it bicoinis almost uniform in color and 
somewhat lighter than brown ocher r ihc n suits of twenty-four 
egg measurements an given m 1 able I 


IABIE I 


length of egg 
Width of egg 


1 MFAStTRFMFNTS 


Maximum 

Minimum 

Average 

0 216 mm 

0 174 mm 

0 19b mm 

0 090 mm j 

0 084 ram 

0 091 mm 


1 The terminology used for descriptions of color in this paper is derived 
from the nomenclature of Windsor and Newton a water colors as given in the 
(ttossary of Entomology hy J II Smith 
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First tnstar 

First-stage larvae (PI XI VI, tig 1) vary in color from pale 
cadmium yellow to a shade lighter than brown ocher, growing 
darker with age The eyes, however, are jet black and quite 
conspicuous Two setae project from the caudal end and are 
about one half the length of the larval body The antennae are 
6-sc gmented The writer was not able to make out, with any 
degree of certainty, more than two digitules on the legs of the 
specimen illustrated in Flat* XLVI, Figure 1 

On Incoming established on a fern leaf the first-stage larva 
turns much paler It secretes a white, waxy substance between 
the caudal border and the haf This ih hardly large enough to 
be called a scale and yet it resembles a scale in its formation 
The larva< vary from 0 216 mm to 0 341 mm in length and 
from 0 108 mm to 0 220 mm in width (Table III) The variation 
is largely due to the age of th< larvae During this part of the 
life-history the sexis cannot be determined 


Second instar 

Female - Ihis stage differs quite radically from the first 
instar The antennae and legs havo disappeared and the eyes 
have becomt smaller and leas conspicuous Tin thorax has be¬ 
come closely united with the head and the segments are less 
visible The Inrvu resembles the aclult female (PI XLVIl, fig 4) 
to a large extent, but is much smaller The general color remains 
about the same, however Measurements were taken from the 
second-stage exuviae, since the insect itself tan vary greatly by 
extension and contraction of the body The measurements for 
width proved too variable to be of value, owing to difference in 
the amount of curvature of the Hcale The average length is 
0 678 mm , the maximum and minimum lengths are 0 682 mm 
and 0 528 mm , twenty-four measurements were taken 

Scale of female — The scale of the secoud-instar female re¬ 
sembles the scale of the adult in texture, but is not nearly so 
extensive, being In length only about one eighth that of the latter 
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Male (PI XLVI, tig 2) —The weond-instar malt resembles 
the second-stago female very closely except that it is slightly more 
elongate and does not grow so large It is about 0 440 mm long 

Scale of male — The scale of the male is distinctive and differs 
greatly from the female scale Dietz and Morrison (1916) de¬ 
scribe it as follows "Length about 1-12 mm , elongate, slender, 
aides nearly parallel, distinct and prominently thcarmato, white, 
exuvia pale yellow, about one-fifth to one-fourth the total length 
of the scale ” 

Third inslar 

Female — As is usual in the Diaspidinao, th< re are only two 
female larval instars whereas the male has three 

Male — In this stage the malt has Income more elongate, the 
rostrum and rostralis are missing, and the antennae, legs, wings 
and stylus arc all partially developed and quite visible, inch being 
inclosed in a cuticular sac This change is carried out under the 
scale formed in the second instar 

Adult 

Female (PI XLVII, tig 4) —Coolev (1899) give* the follow¬ 
ing description "The first four segments antirior to the pygulium 
very pronounced, being often produced at each side into a con¬ 
spicuous protuberance First and wcond pairs of lobes well di- 
vcloped, third pair very rudimentary or wanting 1 ach median 
lobe with three distinct notches on the outer curved edge Lobules 
of the second lobe long and narrow, spatulatc m form odgt s 
thickened at the base The gland-spines are arranged as follows 
1, 1, 1, 1, 2-5 As a rule th< fifth group contains 2 3 spines but 
in one specimen I observed 5 I he marginal gland-orifice b< tween 
the first and second lobes is wtuated on a largt conspicuous promi¬ 
nence Second row of dorsal gland-orifices wholly absent 1 hird 
and fourth rows with 2-5 orifices in their posterior groups An 
tenor groups absent Median group of circumgenital gland-orifices 
5-15, antonor laterals, 15-22, posterior laterals, 17 23" (cf PI 
XLVII, tig 3, for pygidiutn) 

Scale of Female (PI XLVII, tig 1) —Cooky (1899) also 
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describes the soak as follows * Length, 1 8 2 6 mm Distinctly 
broadened posteriorly and usually broadly rounded at the ex¬ 
tremity, but occasionally bluntly pointed Very thin and delicate 
in texture or moderately thick and strong Pale yellowish-brown 
to brown Kxuviae 7 9 mm long, of the same color as the 
secreted portion of the scale but slightly brighter " 

Male (PI XLV I, b lg 4) - 1 Ik male is dark in color (described 
as mort or less roRy by ( omstoi k, 1916) 1 h< mesothorax is quite 

long ind thus separates tin first and second pairs of kgs con¬ 
siderably J hr antennae bear many bristles and consist probably 
of 10 segments lhes< are rather hard to diffi rontiate 1 he 
stylus and wings in long and conspicuous Measurements of 
10 specimens an given in lubh II The mt asurements of length 
and of the length of stylus wore madt to the baHe of the little 
swelling on the stylus, as shown m Plate \LY r I, Figure 4 


TABLL II 

MCASUnLMFNTSi OF AOCl/T Mm K 



Maximum 

Minimum 

Average 

Length 

0 374 mm 

0 264 mm j 

0 207 mm 

Width 

0 154 mm 

0 132 mm 

0 145 mm 

Length of stylun 

0 209 mm 

0 154 mm 

0 181 mm 


One male was unusually long, 0 473 mm , whereas the meas¬ 
urement* of width and length of stylus were normal This 
prolwbly was a distortion dut to pressure of the cover-glass 
Consequently, this moasurc ment has been omitted from th( data 

IV LlFl!,-Hl8TORy AND HABIT8 

Egg slage 

Incubation period —The incubation period of the scale is 
rather hard to determine, but some data were obtained by various 
means On December 28, 1928, while the writer was collecting 
eggs from under the scales, one was found tlmt evidently had 
just been laid In fact, it was not completely disengaged from 
the vulva of the adult Phis egg was placed on a wax plate and 
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incubated at from 75° to 80° F (of “Technique,” p 53b) lhe 
relative humidity wan approximately 100 p* r cent since some con¬ 
densation took place This egg hatched on January 9, 1929, after 
an incubation period of 12 days 

On December 28, 1928, the writer also found an adult flint had 
already laid 3 eggs and another whose eggs were rnntun in tur 
body ThL eggs wtrt dissected out of the follicles and oviducts of 
these InsectR, placed on wax plates and incubated under th< con¬ 
ditions mentioned above The eggs of the latter were attacked 
by mould and did not mature, but some of the former did Six 
of these hatched, 2 on January 10 (incubation 13 days), 3 on 
January 11 (14 days) and 1 on January 12 (15 diys) 

Some observations were carried out on eggs laid under a scab , 
this was done by directing a light through the scale (cf “Itch- 
wque,” p 539) One specimen proved to be transparent and 
especially favorable for study Six eggs were laid by it on l'ob- 
ruary 4, 2 more on February 5 and 1 on February 6 This scab 
wan watched daily and the first hatching took place on Feb¬ 
ruary 22, when 4 larvae emerged from under the scale Another 
one hatched on February 24 The incubation period was, there 
fore, 18 days, the fern being kept undt r laboratory conditions, 
l e relative humidity 00-70 per cent and temperature 70°-85° F 
Emergence from egg — "W hen emerging from the egg, the larva 
bursts the chorion at the anterior end along the sagittal axis 
This split extends well back behind the and then the two 
sides begin to spread apart, forming a V-shaped opening The 
chorion is gradually spread wider and wider until the opening is 
as wide as the body The larva then crawls out of the chorion 
Empty chorions look like little scraps of white tissue paper 

Percentage hatching — No actual data were obtained, but it 
was estimated that of about 2000 eggs handled not over 200 
failed to hatch 


First stadium 

Time before settling down — The length of the active period 
of larvae varies from half an hour to 24 hours and, under adverse 
conditions such as having no plant leaves to settle on, they may 
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crawl for 48 hours or more During this time they are usually 
quite active and may move a considerable distance Some ap¬ 
parently settle down temporally, and later move to some other 
place Usually, however, thfy remain active until they have 
chosen a spot on which to settle permanently During the crawling 
penod the young larvae are rather easily jarred off the fern and 
great care has to be taken while ont is transferring them to plants 
Of 535 young scales whose transfer to ferns was recorded, 207 
(38 6 per a nt) were nevtr recovered Probably these dropped or 
were jarred off the plants 

Two experiments were performs! to account for this loss A 
fern was laid on its side on a table over a piece of clean, white 
cardboard ruled in squares A binocular was set up over a frond 
with the stage reversed so as not to move the fern when removing 
the bmocular Transference of 30 larvae was accomplished very 
carefully and without jamng tht fern A nng of bird-lime was 
laid down on the paper surrounding the area under the infested 
frond The fern was left for 6 hours in this position l>efore being 
moved to the incubator for the night When this was done the 
cardboard was held firmly beneath the frond by means of a rubber 
band around the flower pot The next day the paper and frond 
were carefully examined and it was found that 18 larvae had fallen 
on the paper, 7 were established on the plant and 5 were unac¬ 
counted for Tht temperature varied between 07° F and 79° F 

1 he next experiment was earned out in the greenhouse It was 
a repetition of the one mentioned above except that the stem of 
the plant was also ringed with bird-lime and the plant was left 
absolutely undisturbed for 2 days In this case 29 larvae were 
transferred to the plant After 2 days it was examined carefully 
One larva was found established on it, 4 were dead owing to rough 
handling in the transference, 20 had dropped to the paper, and 
4 could not be found 

In each case the ferns were sheltered from any strong draft 
Probably the dropping off of the larvae is a factor in their dispersal 
to other fronds and other plants 

These nymphs show a marked preference for the lower side 
of the frond as a place on which to settle Out of a total of 229 



Fern Scale 


525 


individuate recorded, 160 (69 9 per cent) settled ou the under side 
of the frond, 36 (15 7 per cent) on the upper side and 13 (14 4 pc r 
cent) on the stem 

Formation of scale — One to two days after the settling down 
of the larva, fine waxy filaments begin to appear from under the 
insect and extend into the air above it Trom 1 \ to 5 days after 
settling down, the larva takes on a hard chitmous covi ring which 
contrasts strongly with the soft covering of the n<wly hatched 
insect During the interval between emergence from the egg and 
the appearance of chitin, the young first-stage larva increases 
considerably in siee, as shown in Table III 1 hough having very 

TABID III 

ExTRKMF AND AVFRAClt. MLASt/Hf MRNTS (IF FiKST^InSTAR I AKVAf 



No of 
larvae 
examined 

Maximum 

Minimum 

Average 

Newly hatched larvae 
Length 

24 

0 252 mm 

0 216 mm 

0 234 mm 

Width 

24 

0 126 mm 

0 108min 

! 0 120 ram 

Before rhitinuMition 





Ixragth 

9 

0 324 mm 

0 216 mm 

| 0 256 mm 

Width 

9 

0 180 mm 

0 110 mm 

0 146 mm 

After chitmixatiun 





Length 

10 

0 341 mm 

0 2b0 mm 

0 311 mm 

Width 

10 

0 220 mm 

0 165 mm 

0 196 mm 

First-inslar exuviae 




1 

Length 

25 

0 330 mm 

0 264 mm 

1 0 314 mm 

Width 

7 

0 187 mm 

0 154 mm 

l 0 174 mm 


• The decrease in width of the exuviae as compared with the width 
measurements after chitrauation is probably due to curvutureof Ihe cost skin 

little supporting evidence, I believe that this interval is prolonged 
by a high humidity This point might prove of interest on a spray 
program, but would have to bo morp thoroughly invtstigaUd 
The greenhouse and the incubator in which the plants were kept 
while in the laboratory were maintained at about the same tem¬ 
perature (about 70° F }, but the greenhouse undoubtedly had a 
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higher humidity These facts were not recorded definitely since 
I expected to have time later to run special experiments on this 
part of the problem Consequently, the first ixpenments were 
devoted mainly to getting an outline of the life-history The 
first 7 plants successfully infested (i e Nos 4 11) were kept in 
the greenhouse for the great r part of the first stadium The 
remainder were not taken from the laboratory to the greenhouse 
until after chitimzation and scale formation had been observed 
Thus plants 4 -11 were in the greenhouse for all but one day during 
the period pit vious to chit ini zution, but the other plants recorded 
wen not in the gmnhouw at any time during this penod A 
marked difference is noticinbk in the length of time requin d for 
chitin formation as shown in Table IV This table gives only the 
data on individuals upon which definite information was obtained 

lABIh IV 


InIEKVAI BJ-TWKkN InKKHTATIOV ANU ClMTlNIZATION 


Fern No 

No of 
scales 

Interval 

Fern No 

No of 
scales 

Interval 


observed 

(days) 


observed 

(days) 

0 

2 

J and 4 5 

14 

2 

3 

8 

6 

2 6 

15 

11 

2 

0 

6 

6 

16 

1 

2 

10 

14 

5 

17 

4 

2 

11 

l 

4 

18 

4 

2 to 2 5 

u 

18 

3 

19 j 

9 

1 5 to 3 

u 

W 

3 5 





Observations wore made at daily intervals in each case The 
kngth of time is given to the nearest half day 

At about the time that chi tern nation takes place the formation 
of the scale also begins 1 his is a delicate, incomplete waxy 
covering over the posterior portion of the body and rarely covers 
very much of the insect The actual time of scale formation ap¬ 
pears to be quite variable, but it usually octurs shortly after the 
chitmization It has been observed, however, several days after, 
at the same tune as, and even a few hours before chitinization 
was visible 
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Moulting - Shortly Ixfon the time of tin first moult the char 
actenstic yellowish-white blotches begin to appuir on the leaf 
just underneath the larvae 

In moulting the nymph drops through the bottom of the old 
cast skin and grows out in a posterior direction Apparently, 
the mouth-parts grow out through the old mouth-purta and, as 
the coccid moves backward a htth from umitr the exuviae, it 
pulls the old mouth-parts back with it (PI \LY JI, T ig 1) 1 hus 

the mouth-parts can be seen at the posterior part of the first 
exuviae 

Ihe turn of the first moult varies considerably, being, I lulieve, 
prolonged by a hjj?h humidit) (1 tbli Y ) It virus hr hmn H5 
and 21 d i> s 

1 A1 \U \ 

Dl HATION <» 1IIK 1 IHKI StMUI M 


Fern No 

I>aya in 
groonhoiwc 
(high hunmlltv; 

No of scales 
olmorved 

A v 

duration (dn\a) 

l 1 

No slides 




efltnbliHhed 



4 

18 

7 

19 1 

5 

17 


19 4 

6 

17 

3 

19 0 

7 




a 

17 

0 

19 4 

9 

17 

4 

1H 0 

10 

17 

6 

19 0 

il 

17 

1 

19 0 

12 

14 

12 

19 0 

13 

H 

5 

18 8 

14 

n 

9 

irt 9 

15 18 




19 

H 

8 

16 7 

20* 

11 

0 

18 7 

21 

8 

17 

14 ft 

22 

9 

9 

16 7 

23 

12 

7 

16 7 

24 

12 

11 

16 0 

25 

11 

10 

15 9 


Sprayed with a nicotine spray on the 14th and 15th days 
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Mortality — The mortality during the first stadium was 10 8 
per cent, 23 of tht 213 larvae established on plants died These 
figures do not include, of course, the mortality previous to placing 
the larvae on the ferns There was a fairly high mortality here 
which probably is largely due to the handling of the insects during 
transference Of 535 larvae transferred, 95 (17 8 per cent) were 
found dead on the leaves on the following day These died 
probably as a result of the handling during transference Of the 
38 0 p* r oent never recovered (see p 524) prtsumably the majority 
died without finding another fern frond on winch to settle 


Second stadium 

Formation of scale — This takes place shortly aft* r moulting, 
varying from a few hours to 1 day or even 2 days The female 
scale is laid down in lnjers by the insect as it swings the body in 
an arc of a circle, using the head end mort or less as a pivot As 
it swings from side to side, it lays down a little layer of waxy 
secretion while it goes The color is usually a pale brown A 
thin, dtlicaU ventral scale is also laid down at the same time, but 
is not very extensive 

In the male, a snowy-white waxy secretion is emitted from 
three separate regions of the post* ro-ventral part of the body, one 
median and two lateral These are pushed out farther and farther 
until they come together on thur lateral borders and coalesce, 
giving rise to the characteristic tncannate appearance of the male 
scale 

During scale formation, the larvae, especially the females, 
enlarge greatly, growing to the full st cond-instar size in 1-2 days, 
during which time the scale is completed 

Ratio of wares — The variation in scale fornmtion immediately 
differentiates the two sexes which were till this time indistin¬ 
guishable The observer is at once struck by the large predomi¬ 
nance of males Of 190 larvae entering the second stadium, 143 
(75 3 per oent) were male* and 47 (24 7 per cent) females 

Duration of female second sladtum — The average length of 
the female second stadium is 13 days, but this may vary from 
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10 5 to 15 5 day* Inclusive Twenty-eight individuals were ob¬ 
served 

Second moult — In the female tht second moult is accomplished 
in much the same m inner as the first and the mouth-parts are 
left in the same relative position 

Male second stadium — The writer was unable to obtain any 
data with regard to the duration of tht second and third Htadia 
of the male It is probable, however, that the second stadium is 
about the same length as that of the female, since ( omstock (1916) 
says of the male “Diaspinne” “The second moult is also syn¬ 
chronous with the second moult of the female 

Thinl stadium 

Male — As is usual in the Diaspidinae, the male goes through 
a third stadium, whereas the female enters din ctly into the adult 
stage from the w cond stadium MacfJillivray (1921) states in 
his description of the Diaspidmae that the third stadium lasts 
only a few days This is probably true for // aspidntrae 

Mortality dunng second and third stadia of male — Whih mak¬ 
ing examinations for parasitism from 5 fronds picked at random 
from a city greenhouse and 5 fronds from my Btock plants, I 
kept a record of the male scales found unpnrasitized Of 113 
such scales, 30 (26 5 per cent) had died during the second or 
third stadia Ihc distinction botwe< n the two mstiirs was rather 
difficult m some cases, hiucc some were much shriveled For this 
reason they were grouped together Of the 56 larvai taken off 
the ferns and put in vials (cf “Techniquep 539), 37 5 per cent 
died during these stages Out of 28 larvm left on the firns, 7 
(25 per cent) died during tht second and third stndm Thus it 
is seen that there is fairly high mortality at this Unit in the 
lifo-history 

Adult 

Formation of female scale - After the second moult the female 
insect lengthens out enormously and forms the scale at the same 
time This is accomplished in much the same manner as in the 
second stadium However, the scale in this cam is much more 
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extensive (PI XLVIT, Fig 1) The ventral scale is much larger 
also, extending o\er the. whole area of the dorsal seal* and thus 
inclosing the insect completely Plata XI VII, Figure 2, shows 
the relation of th< insect to th< hrd and second exuviae and the 
extent of the vtntral sedt When the scak is complete, the adult 
is wholly stretched out with its posterior end at the tip of the 
scale and the anterior (nd hunted under the posterior sixth of 
th< second exuvuu 

Ovtportion - One c\p< runt nt indicated that parthenogencBis 
does not occur A plant bt anng three healthy females was carefully 
examined and all males wt re re moved At this time the females 
wfre in the hti second stadium The plant was then isolated 
from all males in a box with glass sides When it was mcessarv 
to water tht fern, the box was taken to another room where no 
firns h id been kept during the pievious b months or more After 
70 days in the adult stage, th< so insects were examined for ova 
Non< w< re laid unde r the scab , nor did an> develop to any extent 
m tluir bodus However, the numtor of individuals used is too 
Kmnll to rn ike the results ait> thing more than suggestive 

In thi fertilized female the ova become noticeable about 8 
d iys afU r moulting Almut tin 12th day oviposition starts The 
wnt< r Ins ohm rved as many as 6 eggs laid by one femak in one 
day 1 he first c ggs laid are placed at the < xtremo tip of the scale 
and, as egg laying proceeds, the adult rctre ats to a position under 
the exuviae Thus the oldest eggs are at the tip of the scale and 
the youngest up around the body During the time of oviposition 
a white powdtr is noticeable iround the vulva of the female 

Th< number of eggs laid by one insect varies greatly C ounts 
were made of the numbs r of eggs and empty chorions presi nt under 
a fully mature scale (Table VI) 

Emergence of male —Emergence bikes place at night and is 
not very often observi d, but the writer was able to see one partially 
emerge It died, however, when only half-way out This may 
hav( luen due to the intensity of the light used to carry on the 
obw rvation 

One or two days before emergence a structure that looks like 
a straggly strip of wax is pushed out from the posterior end of the 
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scale This is really the cast skm of the third instar It ih quite 
evident that the male spends a short time under the scale before 
emerging, since the writer has dissected out a groat many Beales 
in which the adult insect was found FudtnUy it stays under 


TABIH VI 

I uu Counts 


Specimen No 

rggs laid 

Spuimon Nu 

l4sgH hull 

1 

27 

8 

52 

l 

108 

0 

IS 

3 

77 

10 | 

43 

4 

74 

u 

42 

5 

63 

12 

50 

6 

53 

H 

77 

7 

41 

u 

15 


Maximum 108 ova average 57 ova 


the scale until the wings collapse, dry and assume their final form, 
for I have found them in all them stiges 

At this stage of their development mortality is high Of 109 
males dissected out, 50 (29 6 pir cent) had died at this turn 

When the wings ire fully developed, the adult male starts to 
back out of the scale, us is shown in Plate ALA I, Figure 3 In 
doing this its whole body ippeurs to expand and swell out as 
though it wm filling itself with air in ord< r to open the ( mi of the 
scale more widely Undoubtedly the legs help « mergence greatly 
since they are moved about rather vigorously 

Longevity — None of the males ki pt in vials lived through a 
whole day Since they appear to be nocturnal in their habits, it 
is altogether likely that they live 12 18 hours in tin adult stag* 
under these artificial conditions 

The length of hfo of adult females differs i gn at deal Ap¬ 
parently the fertilized females die shortly after tiny have laid 
their eggs, for the writer has found that in almost every ease wh< it 
a scale was filled up with eggs, the h male was either nearly dead 



532 W H Reginald Werner 

or had died and shriveled up Tablo VII gives a list of females 
dissected just before the conclusion of this work In this table a 
female is taken to be 'unfertilized” if she is mature and no eggs 
have been laid or are developing to any extent in her body " Lon- 


TABLh VII 


Longevity of Ffmalfr 


Female No 

Longevity when 
dissected * 
Mays) 

Cundifion when 
dissected 

Number of 
ova laid 

Fertilized 

I 

82 

dead 

108 

2 

82 

dead 

1 77 

3 

63 

alive 

74 

4 

03 

dead 

63 

5 

60 

all va 

, 41 

6 

69 

dead 

53 

Unfertilized 




7 

82 

dead 

j 

S 

70 

ivlive 


9 

70 

dead 


10 

70 

dead 


11 

68 

alive 


12 

66 

alive 


13 

66 

alive 


14 

61 

alive 


15 

58 

dead ! 


16 

55 

alive l 


17 

55 

dead 



* ‘ Longevity 10 given to the date of dissection, regardless of whether 
the insect died before or not However data are given only on insect* that 
either were alive at the time or had died just previous to dissection and had 
not dried up at all 


gevity” here is used with reference to the tune spent in the adult 
stage 

Thus the average longevity of fertilized adults is 68 days and 
for unfertilized adults, 65 5 days 
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Average length of life 

From data given in the preceding life-history, it will be seen 
that the average total life of the female ia 90 100 days 

The life of the male is much shorter than that of the female 
Only 0 males were observed to emerge as adults Of these the 
average length of lift was 37 davs, the maximum length, 41 days, 
and the minimum length, 35 days 

V BIOLOGICAL CONTROL 

Ayindiotiphagui citnnus Cwfd , an endoparasite 

Percentage of parasitiam — When the stock plants used in 
this problem were purchased in early November, it was notired 
that a few scales had been parasitized by what was later found to 
be Asptdioiiphagus citnnua ( wfd , an aphohnid As it was present 
in very small numbers, it caused no concern By January 17, 
however, the parasitism had increased to 20 per cent finally, 
about the first week of March, the parasites became so numerous 
as to make it entirely unpossibU to complete any of the extensive 
spray program that had been mapped out At the time of writing, 
the stock plant, which m the fall was heavily infested with scale, 
looked very healthy and had very few scales on it This control 
was largely, but not wholly, due to the parasite The percentage 
of parasitism is given in Table VIII The first 5 fronds were taken 
from the author s stock plants They were not fumigated at any 


TABLE VIII 

Parabitihm by A ciirtnus 


Frond 

No 

Scales 

examined 

Percentage 

parasitized 

Jrond 

No 

Scales 

examined 

Percentage 

parasitized 

1 

55 

53 1 

6 

60 

28 6 

2 

60 

61 8 

7 

62 

75 0 

3 

103 

60 2 

8 

16 

6 2 

4 

104 

70 0 

0 

61 

68 6 

5 

37 

67 0 


13 

46 1 
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time during the previous 5 months The other 5 were picked at 
random from infested ferns in a city greenhouse, where a more or 
less regular fumigation program was maintained Parasitism was 
recorded only when the effect was externally visible 

From Table VIII it can be seen that the percentage of para¬ 
sitism may become quite high and thus this aphelinid is an im¬ 
portant consideration In the control of the scale 

Ovtposilwn — This minute hymenopterous insect can often be 
seen walking over the fern leaves, with its antennae tapping away as 
it goes along When it comes to a scale of H asptdxnirae, it taps 
around the edge of it and then squats on the center of the scale 
and the ovipositor is thrust down from its hidden position under 
the body Opposition lasts from a few seconds to 10 minutes 
Male and female coccids are parasitized with equal readiness 
Emergence — Previous to emergence, which is very Interesting, 
the insect lies inside the integumental case of the dead scale, with 
the head of the parasite toward the posterior end of the scale and 
the ventral side toward the dorsal part One parasite that had 
just completed the pupal stage was watched with interest First 
it cleaned its legs and antennae After this it began to feel around 
with its mouth-parts, evidently looking for a place to bite through 
A large hole was started from a senes of little holes placed in a 
circle and then joined by cutting away the intervening material, 
which was taken off in little stnps along the edge of the hole As 
each strip broke off, the insect ejected it from its mouth to the 
outside of the scale After feeling all around the edge of the hole 
to make sure that there were no projections and that It was large 
enough, it started to emerge First the head and antennae ap¬ 
peared and then the first legs, followed rapidly by the second and 
third pairs Immediately after emerging it crawled briskly away 
No males were noted among the comparatively few Individuals 
observed 


VI ARTIFICIAL CONTROL 

Extensive experiments on sprays were planned by Professor 
J W Bums and the author, but, on account of the heavy inroads 
by the parasite, the program had to be abandoned The following 
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compounds were suggested by Professor Bums as possiblo sprays 
when combined with nicotine and soap (1) glycerine, (2) methyl 
borate, (3) ethylene glycol, (4) ethylene chloride, (5) ethylene 
chlorohydrin, (8) aoetyiene chloride These compounds all dis¬ 
solve insect wax rather freely and thus, combined with nicotine 
and in the proper proportions, should be effective 

In one case a spray consisting of nicotine, soap and water was 
applied to an artificially infested plant while the insects were m 
the late first instar Apparently it delays the moulting, as is 
shown in fern No 20, Table V 

Another factor in artificial control is the maintenance of a 
high humidity, since it appears to prolong the life-cycle of the scale 
and thus decreases the rate of reproduction Gibson and Ross 
(1922) state, in reference to H asptdtsirae , that " this insect is of 
no importance in humid fern houses, and only becomes trouble¬ 
some on plants kept in a dry atmosphere, such as one finds in 
houses, stores and halls ” 

Removal of the branches infosted to the greatest degree would 
also help greatly, as was demonstrated in the case of the stock 
plants already referred to (p 533) The cutting of these fronds 
caused the plant to send out a lot of healthy new ones and got 
rid of a large number of the scales at the same time 

Finally, anything that can bo done to better the general health 
of the plant should prove a great aid in the control of this scale, 
since it will encourage an abundant growth of new fronds, thus 
permitting the constant removal of older ones which are the most 
heavily infested 

VII TECHNIQUE 
Mounting of scales 

The method of mounting used by the author was that described 
by MaoGillivray (1921) This consists of clearing the cocci d in 
potassium hydroxide, either by the fast method (boiling) or by 
the alow one (allowing it to remain 24 hours m cold solution) It 
is then washed In distilled water and finally in acidulated water 
(1 o c hydrochloric add to 99 c o distilled water) After this, 
it is stained in Sduerfttchstn for 20 minutes, dehydrated in 95 per 
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oent alcohol for 15 minutes and cleared again in carbol-xylol or 
oil of cloves, preferably the latter Finally it is mounted in Canada 
balsam 

The writer found that the handling of a large number of females 
was facilitated by placing them in a small, fine-meshed wire basket 
In this way they could be transferred from solution to solution 
with the least handling 

Males, first instars and other specimens small enough to go 
through the wire mesh w< re usually handled by the slow method 
To do this, they were first placed on the slide on which they were 
to be mounted Several large drops of potassium hydroxide solu¬ 
tion were added, and the slide was put in a Petn dish with a moist 
blotter m the bottom Th< dish was covered and left overnight 
By this method a high humidity was maintained and very little 
evaporation took place While they were being immersed in al- 
cohol, a small watch glass containing alcohol was put in the Petn 
dish in place of the moist blotter This maintained a high alcoholic 
vapor pressure and again reduced evaporation to the minimum 


Handling of ova 

The eggs were dissected out from under the adult scale with 
the aid of a binocular microscope Thi upper surface of a rectangu¬ 
lar piece of balsa wood was covered with a piece of cross-section 
paper, cut to fit, and the whole was wrapped with a small piece of 
cellophane, a glassy paper often used in wrapping chocolate boxes 
It gives a squared surface on which the number of eggs can be 
accurately counted, if this is desired, and also permits the pinning 
down of the fern leaflets during dissection At the same tune it 
gives a smooth surface from which the eggs arc easily removed 
with a camel’s-hair brush 

At first these ova were pasted on small oards, but any of the 
larvae that hatched seemed to be stuck in place or did not emerge 
properly Similar results were obtained when the ova were placed 
on glass plates Finally, eggs were successfully incubated by mak¬ 
ing wax plates in Petn dishes These were made in much the 
same manner as are agar pour plates in bacteriological technique 
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The plates were ruled off m squares to facilitate a thorough search 
of the wax surface The cover of th< Petn dish was lined with a 
moist filter paper Ova were placed on tho wax plates and incu¬ 
bated at 70° F The plates were looked ovt r thoroughly each day 
and the crawling larvae transferred to ferns as described later 
Usually, about 100 per cent humidity was maintained Moisture 
condensations, if not too extensive, helped to confine the larvae 
and prevented them from crawling up thi side of the plate It 
was found that, if tho plates were put under an electric light shortly 
before examination, hatching was apparently hastened 


Experimental plant infestation 

The problem of securing artificial plant infestation occupied 
about two months It was finally found that the greatest care had 
to bo taken in handling young larvae and the host fern until they 
had all settled down The following technique was worked out 
Small ferns with from one to three fronds were used in all the 
experiments involving artificial infestation The plant was first 
thoroughly examined for signs of scale and then brushed with a 
camel's-hiur brush, especially along the stem, to remove all debris 
which might later obscure the view A cradle made of soft lens 
paper (PI XLVIII, Fig 1) was now tied on the under side of 
the frond so as to include the part to be infested and the fern 
was tumtd on its side under a binocular microscope 

The transfer from the plate to the fern was the next probh m 
that confronted the author At first, paper points about two inches 
long were used Ihe point had a tendency to fray, however, if it 
became moist, which caused the insect to stick to it Waxed paper 
was used next, and, though it was an improvement, the same 
trouble was encountered i inally, cellophane was used and proved 
very efficient The larvae did not very often fall off in transit from 
plate to fern and yet the writer had no difficulty in placing them 
on the frond A wooden handle was attached to the pointer to 
prevent curling due to the heat of the experimenter's hand In 
this way the larvae were picked off the waxed plates and placed 
on the frond It should be emphasised that the greatest care 
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must be taken not to jar the fern in handling it, until after the 
larvae have settled 

On the following day the fern was examined and a record made 
of the positions of the larvae To do this! a binocular microscope 
was mounted as is shown in Plate XLVIII, Figure 3 This method 
of mounting permitted movement of the binocular in any direc¬ 
tion and tilting to any angle In order to overcome the neces¬ 
sity of changing the position of the light each time the binocular 
was moved, it was clamped to the body tubes of the binocular and 
thus focused automatically on the fern The light used was an 
ordinary substage illuminator with the daylight glass removed 
and a watchmaker’s lens inserted m place of it This lens hap¬ 
pened to have about the same focal length as the binoculars The 
illuminator is also shown in Plate XLVIII, Figure 3 


Labeling of plants 

In order to keep a record of each specimen, ordinary cardboard 
tags were used Both faces of each tag were divided longitudinally 
by a median lino and transversely by an upper and a lower line 
Above the top horizontal line, the side of the frond was indicated, 
i e upper or lower side Below the lower horizontal line the num¬ 
ber of the tag was placed The spaoe^between the horizontal lines 
was divided according to the number of leaflets intended to be 
included in that particular tag, the vertical line being used as the 
stem Where more than one scale had settled on a leaflet, the 
numbers were grouped together, e g if one leaflet bore 7 on one 
side and the number of larvae already recorded from previous 
plants was 99, then the 7 would be recorded on the tag, not as 99, 
100, 101, etc, but as 99-105 In this case the insect nearest the 
stem would be givexv the lowest number, i e 99, and the next one 
would be the next lowest number (100), and so on Thus the 
numbers increase from the stem outward When 2 seales were 
vertically one above the other, the upper scale was designated by 
the lower number Thus the upper one would be number 101 and 
the lower, number 102 When insects were located on the stem, 
an arrow pointed to the stem (as represented on the tag) from the 
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numbers, and the same rules applied as regards the position of 
scales one above the other An asterisk marked the leaflet upon 
whloh artificial infestation was made The tags were placed on 
the stem of the frond just below the lowest leaflot included in 
the tag 

Observations on moulttng and oinpost-hon 

Since the insect spends the final stages of its life under a scale, 
observations could no longer be carried out directly, as was done 
In the earlier stages It became necessary, then, to direct a hght 
through the fern leaflet and scale, a method that obtained a sil¬ 
houette effect To do this, apparatus was set up as in Plate 
XLVIII, Figure 2 The hght was another substage illuminator 
in which a small lens (linen tester) was substituted for the daylight 
glass It was not arranged so as to shine directly up into the 
binocular, but was set at an angle so as to prevent too much eye 
strain With this method, insects that had not secreted too dark 
a scale could be observed Very dark scales prevented all observa¬ 
tions except by dissection 


Handling of Males 

Since it was known that the males would not derive any nutri¬ 
ment from the fern leaf shortly before emerging, they were taken 
from the ferns at this stage and put separately in small vials 
properly labeled These were kept in racks in a dark box in the 
incubator at night in an effort to simulate normal conditions, 
sinoe the incubator hght would be on most of the night During 
the day they were exposed to daylight Not very much success 
attended this method because only 6 of 64 males treated in this 
way emerged However, the high natural mortality during these 
stages, as stated before, must also be taken into consideration here 

VHI SUMMABY 

H aspidtsfras, a pest on Boston ferns in particular, spreads 
rapidly from fern to fern, probably by means of crawling or by 
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being jarred and dropping For this reason, greenhouse proprie¬ 
tors should be careful to isolate infested plants thoroughly 
The average life-history of the female extends over a period 
of about three months and that of tho male, slightly more than 
one month 

The control of this scale depends upon several factors 

1 Presence of the parasite, Atpuholtphagut ctfnnut Cwfd 

2 Maintenance of a high humidity in the fern house 

3 Preparation of a suitable spray 

4 Constant trimming off of badly infested fronds 

5 Optimum growing conditions of the fern This makes factor 
4 feasibU 

UmvMiMTr ok Michigan 
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EXPLANATION OF PLATES XLVI-XLVIII 

PLATE XIiVI 

FiOft. 1-4 Hermchionatpu a*puh*trae 
(Figures are drawn to different magnifications) 

Flo 1 First-inst«r larva, ventral aspect 

Fia 2 Becond-insUir male, ventral aspect 

Fig 3 Adult male emerging from scale, ventral aspect 

Fro 4 Adult male, dorsal aspect 

PLATE XLVII 

Figs 1-4 Hemtchioiwpu cuptdutrae 
{Figures are drawn to different magnifications) 

FtO* 1 Scale of adult female 

Fro 2 Exuviae and ventral scale, showing the position of the adult in rela¬ 
tion to them 

Fig 3 Pygidium of adult 

Fig 4 Adult female ventral aspect 

PLATE XLVnr 

Figs, 1-3 Apparatus for artificial infestation of ferns with 
H&mtcJ\iona*pu agptduira* 

Fig 1 Small fern with lens paper cradle attached preparatory to artificial 
infestation 

Fig 2 Apparatus set up for observation of second instar and adult insects 
uhder their scales 

Fro 3 Apparatus for observation of young crawling larvae 




A CONTRIBUTION TO THE BIOLOGY OF 
SIMULIUM (DIPTERA)* 

YI FANG WU 
INTRODUCTION 

F THE earlier attempts to study Slmuiium larvae in the labora¬ 
tory, it was claimed that in standing water they would die 
within a very few hours Since death occurred too quickly to be 
due to food reduction, the cause was supposed to be a deficiency 
of dissolved oxygen This phenomenon, together with the natural 
occurrence of the larvae in swiftly running water only, was inter¬ 
preted as indicating that their oxygen requirement was very high 
In fact, it has long been assumed and frequently stated that the 
restriction to running water is due wholly to so high an oxygen 
demand that only the much-agitated water of a swift current 
would provide suitable conditions for these larvae Though this 
explanation seemed plausible, no experimental study has ever been 
made to test it This paper is the result of an attempt to study 
the Influence of the factor or factors involved in the running-water 
habitat and to ascertain whether or not oxygen is the sole deter¬ 
mining agent, as heretofore supposed Contributions havo like¬ 
wise been made to the knowledge of the general biology and 
life-history of these black fly larvae and are presented in Part I 
This investigation was carried out mainly at the University 
of Michigan Biologioal Station All streams in that region were 
examined, but intensive study and the experimental work were 
done in Carp Creek, Maple River and Bessey Creek Some of the 
laboratory experiments were performed at Ann Arbor with material 
collected from the Huron River 

* Contribution from th* Zoological Laboratory, University of Michigan and 
the Umvenfty of Michigan Biological Station 
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PART I GFNERAL BIOLOGY 

tGOB 

Description 

The egg of Bimuhum is generally described as elongate- 
oval (Mailoch, 1914, p 3) or as triangular with rounded angles 
(Pomeroy, 1916, p 11), but examination of the eggs of S vitUUum 
Zett and *S venustum Say showed these descriptions to be baaed 
upon two different views of the same egg One side is somewhat 
flattened, but the opposite one is humped, the highest point being 
a little nearer one end The shape is triangular when so viewed, 
but if the egg hos on the flattened side and is viewed from above, 
it is rather oval with both ends broadly rounded Measurements 
of the egg of <S vittatum are length, 0 25 mm , breadth, 0 15 mm , 
height, 0 14 mm Those of $ venustum are length, 0 23 mm , 
breadth, 0 14 mm , height, 0 13 mm Eggs of both species have 
tough shells and are attached to the support by means of a trans¬ 
parent sticky substance, whloh remains elastic in alcohol and can 
easily bo taken off the egg 

The arrangement of the eggs in the mass differs in the two 
species studied Eggs of S venustum are, as generally described, 
placed irregularly in a compact mass (Johannsen, 1903 , p 344 , 
et al) y which may be several layers thick Those of S mtiaium 
are deposited in a string which curves or twists over itself and in 
which the eggs are laid in a single row, mostly side by side, but 
sometimes end to end When opposition is heavy and the egg- 
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mass becomes extensive and several-layered, the string arrange¬ 
ment may not bo apparent, yet the mass still does not appear 
compact 

Location 

Eggs of S venustum and S mttaium are deposited on leaves of 
aquatic plants, stones, logs and other objects m the stream They 
are usually at or near the water-level Occasionally some an 
found above water on vertical objects or on the upper surface of 
a log or a stone Garman (1912, p 20) recorded this unusual 
occurrence m a general statement “The eggs were found placed 
on rocks on the banks a few inches above the surface of water ” 
From observations made in Bessey Creek and Maple River, this 
position may be due to one or both of two causes operating subse¬ 
quent to opposition (1) fall in level of the stream, and (2) growth 
of the supporting plant Stones in Bessey Creek had egg masses 
on the upper surfaces just at water-level, but a few days later the 
same stones were half out of water, with the eggs drying or kept 
moist by the wavelets As for eggs laid at the water surface on 
a vertical emergent plant, it is obvious that growth of the basal 
regions of the plant would carry them out of water Such an egg- 
maw generally had the appearance of a series of bands of different 
colors, the topmost one being the darkest and the lower onoa 
grading down to lighter shades This indicates that the eggs at 
the various levels were of different ages, with the oldest ones 
highest and those newly laid nearest to the water Eggs deposited 
at water-level on different days were earned successively out of 
water as the plant grew taller This observation and the fact that 
opposition on land has never been recorded indicate that the eggs 
which Garman found were not deposited on the bank, but were 
probably left stranded on a plant because of a fall in level of the 
river* 

Development and hatching 

At opposition eggs are creamy white, then gradually change 
to light tan, brownish tan, brown and finally blackish at hatching 
Ail which develop normally have a shiny appearance, occasionally 
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some fail to develop and remain dull whitish As the general 
color beoomes medium tan, the pointed end of the egg appears 
darker and the head of the embryo larva can be seen. A day or 
two before hatching, eye-spots become visible The egg-burster 
is indicated by a dark spot in the middle of the head, as described 
by Puri (1925, p 329) 

The emergence slit in the egg-shell invanably occurs at the 
broad end After the head pushes out of the opening, the proleg 
is applied to any adjacent object, securing temporary anchorage, 
and the rest of the body soon follows The general shape of this 
larva Is cylindrical, with the head comparatively large and the 
abdomen short The larva is immediately active and moves about 
in a characteristic manner After a few hours the body assumes 
the normal form of the older larvae 

Eggs develop normally when kept in still water or in a damp 
bottle in the laboratory In the field, eggs have been found to 
develop in the absence of definite current or in air above water-level 
For instance, in the calm protected conditions of Maple Cove, 
Douglas Lake, eggs and patches of egg shells often occur on the 
emergent water plants 20 to 70 feet from the shore As already 
mentioned, egg-masses may be left out of water owing to the fall 
of river level or growth of the supporting plant All that were 
kept moist by wavelets and capillary action develop normally 
Possibly this explains the statement by Bishopp (1912, p 384) 
“Eggs are plaoed on various objects just above the water 
level They hatch and the young larvae enter the water ” 
Barnard (1880, p 191) mado a somewhat similar observation, and 
stated that the small larvae issued from eggs on the sloping rocks 
a little above water, and that “from these the young were passing 
downward into the water to begin an aquatic life ** 

Incubation period 

In natural habitat — The incubation period for 6 vittatum was 
4-5 days in the latter part of June and through July when the 
temperature of the water was about 20°-22° C In order to secure 
eggs of known age, fresh cat-tail leaves were bent to float at the 
water surface Oviposition usually took plaoe in the late after- 
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noon, and on the next day the leaves bearing the fresh eggs were 
tied to a stake to keep them well submerged and thus prevent 
further opposition By observation of thorn until hatching their 
definite incubation period in the natural habitat was obtained 
Pomeroy (1916, p 12) recorded the minimum period of 7 days 
and the maximum of 12 days in South Carolina from June to 
October, but did not state whether it was observed in the natural 
habitat or under laboratory conditions 

In standing water — The incubation period in standing water 
was found to vary greatly, vU , from 5 to 55 days Several experi¬ 
ments confirmed this statement Hence the time required in stand¬ 
ing water was found to be much longer than in the natural habitat 
The incubation periods of the various eggs in the same mass 
differed, those in the top layer generally hatched earlier than 
those beneath, although the lower layers had been laid first 

Resistance to desiccation 

Edwards (1920, p 240) suggested that probably & laltpes 
Meig passes the dry season, when the streamlets are dry for the 
greater part of the summer, in the egg stage, and Cameron (1922, 
p 15) from circumstantial evidenoe proposed that S stmtle Mail 
probably overwinters in the egg stage The wnter subjected 
8 vtUatum eggs to various periods of desiccation in the laboratory 
and then submerged them in water A very small number hatched 
from the egg-mass that had been exposed to the air for 10-14 hours, 
but not a single hatching occurred from the eggs that had been out 
of water from 18 hours to 5 days Evidently 8 vtUatum eggs can¬ 
not resist desiccation Field observations support this conclusion 
When, for any reason, eggs were exposed above water, only those 
that were kept moist hatched Others beyond the reach of wave¬ 
lets appeared dry and shrunken, and failed to hatch when returned 
to water 


LABVAE 

Duration of larval period 

The larval period of 8 mtiatum was studied in Maple River 
during the month of July when the variation of the water tempera- 



548 Y% Fang Wu 

ture was 18°-26° C (mostly 20°-23° C ) Fresh cat-tail leaves 
were bent down so that they were slightly submerged and parallel 
to tho water surface Deposition of eggs and the hatching were 
recorded, and examination of tho larvae was mado every second 
day Growth was found to be very rapid and the larval stage, 
for the majority of each brood, lasted only 13-17 days 

Fmery (1013, p 331) found the larval period of S mtiatum to 
be about two months and three weeks This result was not based 
on observation of tho larvae, but was merely an estimate from 
the number of broods This method Booms v<ry faulty because 
the adults appear throughout tho summer and it is inaccurate to 
distinguish the different broods of larvae merely by tho relative 
abundance or scarcity of the flies on the wing Puri (1925, p 300) 
obtained the larval duration of two British species by rearing 
them m the laboratory This is a very accurate method for 
determining the length of the period m aquaria, but it does not 
necessarily follow that the period is the same in the natural 
habitat 

In Carp Crock, where 8 venmtum was the predominating 
species, tho larval period was much longer This was probably 
due to two factors, namely, the low temperature of the water 
(10°-14° C in the summer) and the scarcity of plankton organisms 
Observations on this point were made in connection with tho 
trough experiments described in the experimental section The 
colonies transplanted into the experimental current troughs usually 
consisted of larvae of different ages, and they pupated throughout 
the whole observation ponod of seven and one-half weeks At the 
end of this penod there were still some larvae left These troughs 
were examined every other day and the larvae were closely ob¬ 
served, so that it is certain that they were all of the original 
transplanted population Since the early history of the larvae 
was not known, tho^definite larval period could not be determined 
m this way, yet from the record it is clear that it could be longer 
than seven and one-half weeks in the summer months It should 
be added that, although the observations were made under experi¬ 
mental conditions, tho water was from the natural habitat and 
the current was of various velocities. McBride (1870, p 227) 
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recorded the larval period of venustum to be about four weeks 
during the warm season, but did not give the temperature of the 
water 

Habits 

Attachment — The larva is attached by means of the posterior 
disk, which is provided with rows of hooks arranged in a circle 
That this mechanism is not a sucker, as was formerly supposed, 
was shown by Tonnoir (1923, p 164) Attachment to the sup¬ 
port is accomplished by mians of a glutinous material which 
issues from the mouth and to which the disk is brought in the 
looping movement 

In experiments on current rates, it was found that the larvae 
were still well established in a velocity of 6 feet per second Ihis 
shows that the attachment must lie very firm to resist the pull of 
such high velocity Occasionally, dead larvae were found attached 
to the support, showing that thiB adherence continued to be efft c- 
tive even after death 

The angle of the body with the support diminishes as the 
current rate increases In a moderate current the larva stands 
semierect, but with increased velocity the angle becomes less and 
less until the body lies almost prone upon the support 'Hus is 
very apparent on the more or less vertical surfaces of logs and 
boulders, on which the larva* are establish! d in waterfalls 

Locomotion — The looping movement of the larva was de¬ 
scribed in detail by Tonnoir (1923, p 104) and by Puri (1925, 
p 297) Observations of the writer agree with those of Pun 
Besides the regular mode of locomotion, the larva is able to make 
some progress by means of only the mouth-partH and the proleg, 
with the abdomen remaining straight and unattached The 
process of climbing on a silk thread was often observed When 
the larva was on a strand of several silk threads, it either climbed 
in the regular fashion with the prolcg and mouth-parts, or applied 
its posterior disk to the strand and proceeded with a looping 
movement 
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Food 

Being sedentary and provided with a mechanism for straining 
small particles from the 'water, the larva does not seem to be selec¬ 
tive in feeding, but takes whatever the fans can catch as the 
current passes through them Examination of the stomach con¬ 
tents confirmed this general conclusion. Larvae from Maple River 
contained mostly diatoms, which were very numerous in the sum¬ 
mer plankton population of the lake water, but those from Carp 
Creek had few diatoms and much material that could not be 
identified, such as bits of plant tissue and other debris 

In the standing water cultures, a few larvae were observed 
feeding on the deteriorating bodies of dead larvae Occasionally 
larvae used their mouth-parts to scrape materials from the sub¬ 
stratum This behavior may have been caused by the unfavorable 
conditions in the standing water 

Parasites and enemies 

Larvae of 8 hirtipes Fries from Huron River, near Ann Arbor, 
were parasitized with a nematode, probably Mermi$ t which Strick¬ 
land (1911, p 302) found m the same species in Massachusetts 
Larvae of A tnttatum from Maple River were occasionally infested 
with a protozoan parasite Examination of the fresh material 
showed that the spores and sporo blasts correspond closely with 
the figures given by Strickland (1913, p 97), and the appearance 
of the parasitised larvae also agreed with his description 

In an aquanum containing $ jenntngsi from Huron River, a 
Chxronomus larva was found to attack the Simulium larvae. It 
seised the side of the living victim with its mandibles and began 
feeding on the soft tissue It was seen to kill several larvae, but 
this might be caused by the absence of other food, it does not 
prove that Chirooomus is a natural enemy of Simulium 

PUPAE 

Duration of pupal stage 

The duration of the pupal stage has been reported differently 
by various authors. The longest period given was three weeks 



Biology of Simidium 651 

for S wnuatum Say (McBride, 1870, p 366) and S ptchpes Hagen 
(Coquillett, 1898, p 67) But both were mere estimates of the 
interval between the first appearance of pupae in the breeding 
place and that of the adults on the wing Results of direct ob¬ 
servation were given by the following investigators Newstead 
(1907, p 40), 2-6 days for S overturn Mg , Pomeroy (1916, p 26), 
minimum period of 3} days and maximum 9 days for & venuatum 
Say, Cameron (1922, p 16), 5-7 days for S 8imtle Mall , and 
Puri (1926, p 302), about 6 days in the summer and longer 
periods at lower temperatures for S noUert Fried Though these 
workers indicated the temperature conditions, they failed to state 
whether their observations were made in the natural habitat, in 
breeding aquaria, or in the damp chamber recommended by New¬ 
stead for rearing adults from pupae 

A careful study of the duration of individual pupal stages was 
made in connection with a trough experiment Although carried 
out in the aquarium building, it was in fact comparable to normal 
conditions, because the stream in the trough was of unmodified 
lake water and had a velocity of about that of the natural habitat 
The V-shaped wooden trough, 64 inches long, was set up with an 
incline to secure the required velocity Water was supplied from 
the large reservoir tank, which was kept filled with fresh lake 
water by a power pump Larvae of S milatum from Maple River 
were transferred into the trough They became well established 
on the sides and gradually pupated Examination was made 
three times a day and later twice daily after the majority bad 
pupated and emerged At each examination all the newly trans¬ 
formed pupae were sketched on the board above the water line 
and each was assigned a number, later the emergence was recorded 
according to the numerals Thus the duration of the individual 
pupal stage was obtained The temperature of the water for the 
first ten days varied between 18° and 21 6° C After this fchq 
average temperature of the water fell lj/£ degrees, but only 7 per 
cent of the pupae were left in the trough Altogether 101 larvae 
pupated Ninety-one completed development, of the other 10, 
7 died, 1 was removed for examination, 1 was lost, and 1 had 
not emerged when the experiment was discontinued The curve 
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plotted from the resulting data shows a prominent mode at 4} days, 
with a minimum period of 3i days and a maximum of 5J days 
The total variation is 2 days, but 66 per cent have a variation of 
only one-half day, their periods being betwoen 4 and 4$ days Of 
the rest, 16 per cent fall between 3} and 3f days and 17 per cent 
between 4i and 5J days (with 5, 9, 10 pupae) 

Cocoon-spinning and pupation 

Hymning of the cocoon — Before the larva actually starts 
spinning, it performs a senes of preliminary motions it bends 
back and applies the mouth-parts to a certain point on the support 
near its postenor end, then suddenly pulls its head away with 
some force It repeats this performance many times, testing 
various areas around itself on the supporting object In one in¬ 
stance thiB was observed to last for more than one minute The 
purpose of this behavior appears to be the cleaning of the ground 
of dCbns, or the testing of the firmness of the substratum 

The process of cocoon-spinmng was fully described by Tonnoir 
(1923, pp 165-169) for S hUyardt, an Australian Bpeciea, whose 
cocoon is almost exactly circular Puri (1925, p 301) gave a 
brief account of three British species whose cocoons are of the 
wall-pocket type. The writer has studied the spinning of $ venu^ 
s/awSay, but found it to differ from Puri’s description in that the 
larva never changes its attachment throughout the whole process 
This point agrees with Tonnoir, although the S venusium cocoon 
is not circular, hut like a wall-pocket Firmly anchored by means 
of its posterior disk, the larva bends liaok and places a loose 
network of silk on the supporting object just posteriorad to its 
point of attachment Then it works forward along the side of 
the body, until the bend is at about the anterior third After 
fixing the silk to the support it twists so as to turn the ventral 
side outward and upward, and produces a strand of silk while 
describing an arc dorsally over its body to a similar point on the 
opposite side Repetition of this movement results in the forma¬ 
tion of the nm of the future cocoon Since the larva does hot 
change the point of attachment, the two ends of this arc are in 
fact the extreme points, in front, to which the larva can reach 



Biology of Simuhum 


553 


when bent at its anterior third The limit to which it can stretch 
behind naturally becomes the apex of the cose With these three 
points fixed, the larva spins more threads along the sides and dor- 
sally over its body, and the oocoon soon takes definite shape Then 
it spends some time working over the closed end of the cocoon 
It takes from 50 to 60 minutes to compk te the whole process 
The network which is put down at the beginning becomes the 
floor of the posterior part of the cocoon, the anterior margin of 
which marks the place where the larva is attached while spinning, 
and this explains why the front of the cocoon has no bottom 

Process of pupation The pupation process was found to be 
quite similar to that described by 1 onnoir (192d, p 169) Doubled 
into the form of a IJ, back to back, the larva rotates for from 10 to 
16 minutes A slit occurs along the lateral and the posterior 
borders of the fronto-clypeus and continues ventrad between the 
head and thorax The gill filaments emerge, the head capsule 
shell comes off the front, and the rest of the larval skin is cast from 
the posterior end as the pupa withdraws from it and straightens 
out inside the cocoon For a few minutes alight sulewisc wavy 
movements continue in the posterior region By the time the 
pupa comes to rest mouth-parts and wing pads are already 
traceable 

In standing water — Pupation in standing water was observed 
many times Numerous individuals fail to come out of the larval 
skin and die with only the thoracic region enlarged and gill fila¬ 
ments bursting out at the sides Some may complete pupation, 
but with no cocoon or only a shapeless mass of silk threads Others 
build their cases and pupate in the normal manner lhe only 
difference between such a pupa and one formed in running water 
is that the gill filaments m the former spread out in all directions, 
while those in the latter lie rather straight in the direction of the 
current 

Movements of pupa 

Turning within cocoon - - Inside the cocoon the pupa is able 
to move or turn rather freely Pupae have frequently been seen 
on the side or with the ventral surface upward The most active 
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motion observed was when a pupa was disturbed by a neighboring 
full-grown larva olearing the ground for cocoon-building. When 
the larva touched the anterior end or the gill filaments of the 
pupa, the latter performed the avoiding reaction with its anterior 
region 

Desertion of cocoon — McBride (1870, p 366) observed that 
the pupa of S vtnusium loosened itself from the case a day or 
two previous to emerging Pun (1925, p 301) claimed this to be 
wrongly described, because “once a pupa has entered the cocoon, 
it is fixed to the latter and never leaves it of its own accord ” 
Though this is the normal course, the wnter has, however, ob¬ 
served pupae, some of which transformed later, leaving their 
cocoons under distinctly unfavorable conditions Emery (1913, 
p 336) recorded a similar observation, but did not give details 
However, the statement that they “faced in the opposite direction 
alongside of the cases'' indicates that they could not be under 
normal conditions 

Enemies and parasites 

A Chironomus larva was observed attacking pupae in an 
aquarium It penetrated the side of the abdomen and fed on the 
•oft tissue inside, leaving the pupal skin dean and intact In 
the field no such empty pupal skins have been found, but dead 
pupae were occasionally encountered, most of which had a punc¬ 
ture In the thoracic or abdominal region while the internal tissues 
were in various states of deterioration It has not been ascer¬ 
tained what enemy attacked them 

Dissection of pupae yielded no evidence of parasites The 
only record of parasites in Simulium pupae was given by Ender- 
lem (1921, p 198), who obtained two braconlds belonging to two 
subfamilies from a group of 15-20 pupae He stated that this was 
the only time ho obtained parasites, although he had reared thou¬ 
sands of Simulium files from pupae 

Emergence 

Process of emergence — The process of emergenoe was studied 
in the natural habitat and in the aquarium The pupa appears 
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■livery, owing to the presence of gae underneath the pupal integu¬ 
ment The relation between gas accumulation and the splitting 
o# the exuviae is not known, although it was found that pupae 
may manifest the silvery appearance for more than one hour before 
the splitting occurs As soon as the split along the mid-dorsal 
thoracic region takes place the adult thorax is exposed under a 
layer of silvery gas Then the slit extends between the head and 
thorax and along the lateral margins of the front piece covering 
the vertex of the adult fly Gradually more of the thorax comes 
out, carrying with it the head, which is still bent, facing down¬ 
ward, and does not assume the normal position until it is all free 
from the pupal skin At the same time an undulating movement 
goee on in the abdomen After the head and most of the thorax 
are free, the fly comes up faster — the direction is more vertical 
than forward — until only half, or less, of the abdomen is still 
inside the pupal skin It takes the fly 2-4 minutes to come out 
so far, then it rests for about one minute Throughout the whole 
period the fly has not struggled any in emerging from the skin, 
during the interval of rest it may remain perfectly quiet, or the 
front end may wave slightly and slowly sidewise Then it begins 
to come up again, as soon os the front legs are free and wnggling, 
it is immediately carried upward in the gas envelope, and on reach¬ 
ing the surface flies away at onoe Cameron (1922, p 16), Co- 
quiQett (1898, p 67) and Pomeroy (1910, p. 26) also found the 
adult to take flight almost immediately upon coming up to the 
surface of the water If, according to certain other workers 
(Emery, 1913, p 337, McBride, 1870, p 356), it stays on the 
surface for the wings to dry, the current must be moderate, 
otherwise it would be earned downstream and possibly suffer 
accident 

Emery (1913, p 337) gives an account of emergence of a pupa 
pn a stone when held up in the air This should not be taken for 
the normal process under water, for the buoyancy of the gas 
coming off the fly renders the condition quite different According 
to the observation of the writer, the fly never exerts any "pulling ", 
and after the thorax is out, it is only by having part of the abdo¬ 
men and tips of the legs still inside the pupal skin that rise to the 
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surface is delayed It has not been observed to pull out its legs 
until ready to come up with the gas envelope 

Emergence in air — Newsttad (1907, p 40) reared adults by 
keeping pupae in a damp chamber Flies are thus able to emerge 
in air as well as in water Pomeroy (1916, p 25) noted the fall in 
nver level, leaving the pupae exposed to air, and added that they 
would emerge oven after having been 24 hours out of water if 
the adult is sufficiently developed Recently Pulikovsky (1927) 
studied the respiratory adaptation of Simulium pupae and called 
the pupal gills "amphibian” in nature, because they function as 
respiratory organs both in water and in air His work was on a 
species inhabiting mountain streams that dry up easily From 
one of his experiments (p 418) he concluded “ Die Puppe verlangt 
am Anfang lhrer Dntwicklung notwendigerweise die Gegenwart 
von Wasser, wciterhm frillt diese Notwendigkcit fort (trocken 
gewordene Puppen smd entwicklungsfilhig) ” It seems to the 
writer that there are other factors to be considered besides the 
degree of development itself Since pupae are able to develop 
normally when removed to a damp chamber oven immediately 
after pupation, it proves that submergence is not indispensable 
for early development The really significant factors, it seems to 
the writer, are (1) the humidity of the surrounding air, and (2) the 
degree of chitimzation of the pupal skin The newly transformed 
pupa is pale in color, and as chi tin is deposited it gradually changes 
to tan, light brown, and finally black when the fly inside is fully 
developed and shows through the pupal skin If the surroundmg 
air is humid, development is not affected, even when the pupa is 
not protected by a well-chit ini «hI integument But when such a 
pupa is subjected continuously to dry air, it may be that the tissue 
inside loses water through evaporation and becomes too dry for 
normal development When the pupa is advanced in development 
and protected not only by its own chtfinisod integument but also 
by that of the future fly, the dry air will not do any harm 

The writer has studied pupae above the water-level in natural 
habitats and pupae that were kept dry, experimentally, for various 
periods On vigorously growing cat-tail leaves in Maple River, 
pupae were occasionally found from X to 10} inches above water 
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These were in different stages of development and the cocoons 
were almost invariably dry Of 45 pupae observed, 34 produced 
imagoes, 4 were lost from the loaves, and 7 died tour of the 
dead were very dry and shrunk into the cocoon, and 3 showed 
the thorax of the fly partly projecting through the emergence slit 
and appearing dry also Excluding the 4 that were lost, this 
record shows a mortality of 17 per cent apparently due to dryness 
In the laboratory pupae on their natural support were exposed to 
the air for different lengths of time and then put mto damp cham¬ 
bers Of 21 pupae so exposed for 24 hours, 17 emerged and 4 dned 
up Of 6 others exposed for 34 hours, 4 black and brown pupao 
emerged and the 2 tan ones became dry Of 6 additional ones 
exposed 54 hours, only 1 emerged and that within a day, showing 
that it was advanced in development when subjected to desicca¬ 
tion Ten pupae remained in the dry air, to which they had been 
exposed for 54 hours Of these not a single emergence occurred 
From these results it is evident that there is a desiccation limit 
beyond which the pupae are unable to complete development 

Pupae in standing water 

The writer has found that most of the pupae kept in standing 
water failed to complete development This was tmo of pupao 
collected from the field and of those that pupated in standing 
water 


IMAGO 

Duration of the adult stage 

Since it was impossible to make direct observation on the 
duration of the adult stage in nature, flies have been studied only 
in captivity Fnedenchs (1921, p 81) succeeded in keeping the 
flies alive longer than other investigators did He reared 8 macu- 
ktium Meig on sugar solution in a very large cage and had 2 
females that lived 23 days, the majority died within 14 days 
Blaoklock (1926 a, p 12) experimented with 8 damnosum , and 
only 1 out of 268 lived for 10 days, the majority dying within 
4 days 

The writer, working on 8 tntiatum and S jenmngtt Mall, 
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used sugar solution, soaked raisins or water alone For 52 flies 
supplied only with water, the longest period was 6 days for 1 
female The majority died within 3 days, 5 males and 5 females 
lived for 5 days When sugar solution or soaked raisins were 
provided as food, the period was greatly lengthened Both males 
and females were seen to feed on it The longest period obtained 
was 18 days for 2 males and 3 females of S vtUahtm and for 2 fe¬ 
males of S jenntngst The majority died within 8 days, but there 
were individuals that had a period varying from 9 to 17 days. 
These experiments included altogether 223 flies In general, the 
female outlived the male in the different lots Only in one lot fed 
with sugar solution did both male and female flies live to the end 
of 18 days 

Swarm 

Cameron (1922, p 16) described the various kinds of swarms, 
which consist of females, males and mixtures of both Enderlein 
(1921, p 198) mentioned a swarm of males as the only one seen 
during ten years' collecting Near the Biological Station small 
swarms of females are very common in the late afternoon, es¬ 
pecially after a warm, clear day But swarms of males are seldom 
seen unless one looks particularly for them They form higher up 
in the air, at least about 10 feet from the ground Most flies 
captured from such a swarm are males, but from the behavior 
of the flies it appears to be a mating swarm The flies hover 
steadily for a while and then suddenly dart for short distances. 
On calm evenings such swarms often form hi open exposed 
places, but when there is wind, they are found in more sheltered 
positions, such as small clearings among the woods One evening 
while collecting flies among the aspens near the Biological Station, 
the writer saw a small swarm of females over a sweater thrown 
on a stump, with many individuals searching and burrowing among 
the wodllen fibers 

Sox ratio 

Collectors of Simulium very rarely capture male flies by the 
net, and the writer had the same experience in the Douglas Labs 
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region The small number of males in the held led to a study of 
the sex ratio in the reared specimens The following figures show 
In every case an approach to the 1 1 ratio S mttatum Zett, 
706 707 , 8 jenntngsi Mall, 135 145, and S venuslum Say, 
85 43 

Opposition 

Place —Ovipoeition has been observed by different investi¬ 
gators and found to be of two types (l) below the surface of 
water, and (2) at the water-level Britten (1915, p 170) and 
Edwards (1920, p 237) described the opposition of two British 
species at a depth of from a few inches to one foot under water, 
and Comstock (1925, p 823) observed that S pictipes Hagen 
deposited the eggs on the rocks by darting into the thin sheet of 
water and out again Records (Webster, 1887, p 458, Needham, 
1901, p 408, Knab, 1916, p 281) of the process in other American 
species show that they all belong to the second type The observa¬ 
tion of the writer on 8 vittatum agrees with those of Emery (1913, 
p 330) and Pomeroy (1916, p 8) on the same species, that is, 
eggs are deposited at or near the water-level Eggs of 8 venustum 
have been found on grass blades also near the surface of the 
water 

The fly, in search for a suitable opposition place, hovers over 
the water and alights on some object just above the water-level 
Generally it selects a plaoe with a thin film of water, or where its 
front legs can rest on dry ground while the tip of the abdomen 
reaches the water's edge In Maple River the many long cat¬ 
tail leaves, bent down and floating in the stream, present a very 
favorable condition for egg-laying Although the body of the fly 
is normally above water, it remains undisturbed if the swaying of 
the leaf should carry it under water for a moment It Is enveloped 
within an air bubble and often continues laying eggs Flies have 
been submerged by holding the leaf under water for 1-5 minutes 
8ome of them stayed in the same position, others crawled about, 
and, letting go their hold, rose up to the surface within the air 
bubble, all were dry upon emergence from the water 

Ovipoeition occurs also outside the running stream In the 
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shallows of the protected Maple Cove eggs are often found on 
the stems and bent-down leaves of small emergent plants These 
may be quite near the shore-hne or farther out in the lake up to 
a distance of 70-80 feet, and they arc from 60 to 120 feet from the 
actual breeding place 

Time — In northern Michigan oviposition occurs from about 
4 o'clock pm to dusk, with the greatest activity from about 5 to 
8 pm After a calm, warm day the flics are most active, and very 
numerous In Maple River, cat-tail leaves, bent down to floating 
position in water, are literally covered with egg-masses, several 
layers deep, after one evening's activity Sometimes the masses 
even extend beyond the edge of the leaf Occasionally fresh egg 
patches were found in the early morning, but no oviposition was 
observed, nor were newly laid eggs seen between 9 am and 4 pm 

Throughout the season, from the middle of June to the middle 
of August, eggs were found in Maple River, but the heavy ovi¬ 
position lasted about four weeks In 1926 it was alrea*ht heavy 
when the first record was taken on June 15, the numbers^fereased 
after July 10 In 1927 the period of extensive laying toward 
the end of June and lasted longer than during the previous season 
On days of groat activity hundreds of flies were hovering close to 
the water and producing a low buzzing sound Often 4-6 flies 
were seen ovipositing at the same spot, a section of a cat-tail 
leaf one foot long might have as many as 50-60 flies depositing 
eggs at the same time Usually a fly does not deposit all the eggs 
at one place, but often crawlsto some other spot or flies away and 
then ahghts again to continue the process Flies have been ob¬ 
served to oontinue egg-laymg for 1-3J minutes, most of them 
deposited the eggs in a string along the water edge 

Number of egge —Malloch (1914, p 8) pointed out that the 
large number of 5,000-10,000 eggs from one female recorded by 
Horvath was undoubtedly an exaggeration, being probably an 
estimate of eggs in one mass deposited by a number of flies 
Fricdenohs (1921, p 86) counted 500-1,000 eggs in the small egg 
patches that appeared to be deposited by one female Riley (1886, 
p 504) gave 500 as the number of eggs found in the ovanes of the 
American species In S tnikUum the writer counted 300-320 well- 
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developed eggs in the ovaries of reared specimens which bad not 
oviposited 

Mortality — Many females, dead or struggling to escape, were 
found stuck to the gelatinous matrix of the egg-mass On <mo 
occasion over 30 flies were counted on a section of u leaf about 
1J feet long Pomeroy (1916, p 9) observed a similar condition 
on the egg-mass on bridge piles 

Many of these flies were removed and dissected for examination 
of the ovaries Some had finished egg-laying, others contained 
eggs varying in number, the highest being 250 in one fly 1 his 
indicates that they became stuck by accident dunng oviposition 
The newly laid eggs are very sticky, but older eggs arc no longer 
so, since the flies can crawl freely over the tan-colored ones and 
continue to deposit new layers of eggs without becoming trapped 

In captivity — All attempts to induce oviposition in captivity 
failed Cages placed in the open under trees were provided with 
dishes of water containing aquatic plants and pebbles Thick 
sugar solutions or soaked raisins were supplied as food Both 
reared specimens (S tnttatum) and those caught with the net 
(*S vcnuslum) were used When flies did not oviposit under such 
conditions, a cage was placed in the edge of the lake so tliat water 
in motion would bo provided This is identical with the condition 
in Maple Cove, so far as water and objects for attachment are 
concerned, yet no oviposition occurred As concerns S mtiatum, 
this failure was not duo to a lack of proper fpod for the develop¬ 
ment of the ovaries, because the flics, when dissected, contained 
mature eggs Discussion of & venusium in this connection appears 
later 

Oviposition was accidentally secured from two reared & in da¬ 
tum flies One female was isolated after emergence m a 6-dram 
vial Water was supplied on a small piece of cheese cloth, but 
no food was given On the fifth day the fly died, but had laid eggs 
on the wet cloth These unfertilised eggs foiled to hatch From 
dissection it was found that all the 152 eggs were from one ovary, 
the other was not well-developed and the eggs were less than half- 
sised In the other Instance about SO eggs were found on the 
moist wadi of a half-pint jar in which both males and females had 
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been kept No mating has ever been observed in captivity, and 
these eggs did not hatch, probably they also were unfertilised 

Food 

The food of Simulium flies, except the blood-sucking ones, is 
not definitely known In captivity, individuals of both sexes of 
S venustum and S mtiatum take sugar solution readily and live 
very well on soaked raisins They also feed upon fresh honey¬ 
suckle leaves and take water from droplets on them Both species 
are recorded as blood-sucking, but i nttalum was not found biting, 
nor did it seem to be associated with S vtnustum, which is very 
annoying in the Douglas Lake region 

The fact that both males and females can live 6-6 days without 
any food proves that food is not an absolute necessity, at least for 
that length of time after emergence The presence of fat-bodies 
in both sexes may serve to explain, at least in part, why they do 
not depend upon the taking in of nutritious material from the out¬ 
side, even when they are active on the wing The f^-bodies in 
newly emerged females of 8 nitatum are very larg^ but as the 
eggs develop they gradually decrease in sise Two lies kept on 
water alone oviposited in captivity This significant evidence in¬ 
dicates that the flies not only lived, but also completed the egg 
development and opposition without taking any food Water 
is necessary, for if they are not supplied with it they die within 
2 or 3 days Perhaps this supports the general supposition that 
the flies which do not suck blood live on plant juioes 

Blood sucking and development of ovary 

The dependence of ovary development on a blood meal was 
studied by Pomeroy in S vtnustum Say (1916, pp 30-34) and con¬ 
firmed by Cameron in S simile Mall (1922, pp 19-20) The 
writer also found that, without the engorgement of blood, the 
S vtnustum fly, either reared or captured, never oontained ovaries 
with developed eggs, although eighteen of the flies dissected had 
lived for 9 days. But 8 vtdatum, although known as a blood* 
sucking species, does not attack man in the Douglas Lake region, 
and so presents an Interesting condition for study 
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As mentioned m the section on oviposition, two specimens of 
8 tnUalum deposited eggs in captivity without taking any food 
at all Other reared specimens kept on sugar solution or water 
alone have been dissected; ranging from those just emerged to 
those 5 days old Ovaries of newly emerged flies contained small 
round ova, corresponding to what Pomeroy called stage 2 After 
1 day, the eggs were about one half the siw of mature ones and 
some began to assume the oval shape After 2 days, they were 
about three fourths mature, although one of the eight flies dis¬ 
sected contained fully developed eggs, after 3 days, the eggs be¬ 
came mature and had the typical triangular shape They were 
very sticky, adhering to the needle and scalpel dunng dissection 
When the flies lived for more than 4-5 days the eggs showed no 
farther growth From this study it is evident that m S vxtlatum 
the development of the ova lb not dependent on a blood meal or 
any other food, and that the fat-bodies, probably present, supply 
the neceseary material for growth (see section on food) 

The presence of fat-bodies is, however, not an indication that 
the female does not need food for ovary development Both 
S venuslum and S jenmngsi Mail have them, though propor¬ 
tionately less than those in S vtUalum, but when kept under the 
same conditions as S wtUUum their ova do noi develop ai aU This 
tends to show that the blood-sucking forms require a definite food 
in order to produce progeny, yet S tnUalum appears to be an 
exception As mentioned at the beginning, 8 tnUalum is not a 
pest to man in the Douglas Lake region But if it should be found 
to attack animals, it would prove to be a form that could complete 
Its ovary development with or without a blood meal The con¬ 
dition of the alimentary tract of the files captured while ovipositing 
gave no indication that they had taken blood Blacklock (1926 b, 
p 210) found small amounts of altered blood up to 4 days after 
breeding Therefore, if 8 tnUalum does not suck blood at all in 
the Douglas Lake region, it must be a species which has different 
food habits in different localities It is definitely a biting species 
in Kansas, Hunter (1914, p 311) used it in the experiments on 
the attempted transmission of pellagra. 

In this connection two other instances may be mentioned 
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jS venustum , the well-known pest, is recorded by Needham (1901, 
p 408) as “peaceably disposed” in the Adirondacks, and by 
Sanderson (1910, p 27) as “causing very little annoyance m the 
White Mountains ” S hirhpes l nes is the species accused by him 
of biting, Comstock (1925, p 824) also called it the scourge of the 
fishermen in the mountains of the northeastern states Near Ann 
Arbor $ hirtipes occurs in the Huron River A few reared speci¬ 
mens were kept on sugar solution, and two flies, 4 and 5 days old, 
contained ovaries with well-developed eggs Although the number 
is too small to be significant, distinct differences from the ovaries 
In iS venustum and S jenningat were shown If this indicates a 
food habit different from these two species, then S hirhpes is not 
a blood-sucking form neat Ann Arbor 

Both Pomeroy and Cameron found the simultaneous occur¬ 
rence of mature and immature eggs in the ovaries of certain cap¬ 
tured adults, but they had no way of knowing the history of these 
individuals It may be of interest, therefore, to note that the 
ovaries of the two seamens of S hirttpes mentioned above con¬ 
tained ova of two sizes (1) about SO-SO mature oops, and (2) a 
large number of the small, round type Newly emerged females 
have been examined, their ovaries contained small ova of uniform 
size These two flies were fed with sugar solution One died after 

4 days and the other had lived 5 days when dissected Both had 
not oviposited, so that here the condition is different from that 
which Pomeroy called “stage 5 , 9 that is, a few mature ova left 
from an earlier oviposition in the ovary with rudimentary eggs 

The wnter has found two cases corresponding to “stage 5” 
among individuals stuck to egg-massos The condition of these 
small ova does seem to indicate, as Pomeroy stated, that they 
may be developed later for another oviposition, but the wnter 
has not obtained enough evidence to support such a supposition 

Parasite 

Two nematode parasites were found when preserved adults 
were dissected One S hxrtxpes Fries female contained a large 
worm 17 mm long, which filled the abdomen completely One 

5 jenntngsi Mall female bad a small worm about 3 mm in length 
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oollcd around its ventriculus Both imagoes were reared from pupae 
collected from the Huron River, in which locality the larvae of 
these two species were found to be occasionally parasitized by 
nematodes 

The writer is able to find only one record (Swinton, Edwards 
and Boylia, 1913, p 391) in the literature of a nematode m a Simu- 
lium adult Swinton found a specimen of S ornatum Mg on a 
window-pane, after killing it with a drop of benzine, he suddenly 
noticed a worm coming out of the abdomen of the mounted speci¬ 
men In his paper on the parasites of Simuhum larvae, SfncUand 
(1911, p 326) concluded that Mermis “inhibits the developm* nt 
of the lustoblasts to such an extent that pupation becomes im¬ 
possible " The two worms found by the writer must have been 
earned over from the larval stage, because the reared flies were 
dropped into alcohol soon after < morgonce and had no time to 
become infested Stnckland (p 311) pointed out that in the larvae 
parasitized with hietoblasts of moderate size the worm may have 
entered the body cavity after tht disks were somewhat developed 
This possibility may explain the presence of the small worm in 
S jenmngsi It might thus have succeeded m pupating because 
of late infestation, but the large parasite in S hirttpes appears to 
be an exception to the observations of Stnckland 

PART II rXPERIMLNTAE SECTION 

GkVfRAX. STA1KUKNT 

It has long been known that the exclusive breeding place of 
Simuhum is in swiftly running water, as is well attested by the 
numerous literature records on this point listed by Wilhelmi (1920, 
p 133) But after reviewing the literature one is surprised to 
find only the mere recognition of this fact and no study at all of 
the factors involved In spite of the fact that running water is 
olaimed to be essential to the life of the larvae, not one measure¬ 
ment of the actual velocity of the current in the habitat was taken 
by these investigators The only record of which the wntor is 
aware is that of Tonnoir (1925, p 216) in his study on Australian 
Simuhum, namely, that the larvae are found ‘ only where the 
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speed of the current is about one foot per second ” Furthermore, 
with no other evidence than that the larvae usually died within 
a few hours in standing water, earlier investigators claimed that 
the oxygen rfquiromenl of these larvae is very high and can be 
saimfied only by the much-agitated water in a swift current 

In order to make a thorough study of this requirement of the 
larvae for running water, experiments have been carried out to 
analyze thi possible factors concerned and to ascertain the relative 
influence of each The experiments fall into three groups (1) on 
current rate, (2) on the food factor, and (3) on the oxygen supply 
All experiments m the natural habitats were performed in the 
Douglas Lake region Laboratory experiments were conducted 
both at Ann Arbor and at the University of Michigan Biological 
fetation 

FXiEIIIMENTS ON CtfRRENT VARIATION 
Current rates in natural habitats 

Before experiments were planned, a study was made of the 
current rates in the natural habitats in the Douglas Lake region 
The current was measun d with a small glass tube bent at right 
angles and the results were calculated from the following formula 
V « 0 977 X V2gh V « velocity, in terms of feet per second, 
g — gravity, 32 16 feet per second, and h « height of water 
column m the upright arm of the tube, when the other arm is set 
in water against the current Correction woa made in the value 
of h by subtracting from the actual reading the effect of 
capillarity 

A careful study of the water velocity in situations where Sjmu- 
hum larvae occurred, except in the vertical falls, showed that the 
current rate varied from 0 56 to 2 75 feet per second, with the 
majority of th< records occurring between 1 and 2 feet per second 
The current rate was even greater where the water drops over 
boulders or log dams in a perpendicular fall, but the glass tube 
was not usable m this position Although the highest possible 
rate in the natural habitat has thus not been specifically deter¬ 
mined, the minimum rate, which was of greatest importance in 
this connection, was critically studied, especially in Bessey Creek 
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The upper channel of this stream oonsists of strotrhes of shallows 
with sandy bottom connecting deeper depressions at the concave or 
outer side of the numerous bends These connecting slopes are 
favorable locations for a senes of measurements, since they repre¬ 
sent a natural curront rate gradient and support a population of 
Simuhum larvae and pupae Three typical slopes were selected 
and four senes of measurements were made Tin minimum rate, 
i e that below which no Simuhum larvae occurred, was found to 
be 0 50 foot per second in two of the scries, 0 79 foot per second in 
another, and 0 97 foot per second in the fourth In a small side 
channel, whf re a group of larvae were established on Potomogeton 
leaves, the current was also 0 60 foot per second Ihis minimum 
rate as determined is for Bessoy Creek only, where S viUatum and 
£ venustum arc the predominating species, it should not be taken 
as the minimum rate for all sp< cies and in all kinds of streams 
Sediments — In connection with the study of current, it was 
shown clearly that, when other factors were equal, the sediment 
on the supporting objects had a clow relation to the presence or 
absence of the larvae on them For instance, in the third of the 
senes referred to above, the minimum rate, instead of being 0 50 
foot, was 0 79 foot i>or second, but there was no environmental 
differenc* between this and the first two senes other than the 
presence of sediment on objects at points with lower rate I? ven 
at a point with a rate of 0 79 foot per second, larvae were present 
only on the under side of a leaf the upper surface of which was 
partially covered with sediment At a pomtion with the same rate, 
in the fourth senes, similar leaves had a rather thick layer of 
sedumnt on both Hides and no larvae were found, under these 
circumstances the minimum rate was 0 97 foot per second 1 he 
cause of sedimentation differences under tht same velocity in the 
same stream is unknown, but it appears to bo either or l>oth of 
two things (I) the timo through which sediment has l>een accu¬ 
mulating, or (2) the illative distance from the shallow swift sec¬ 
tion upstream 
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Transplantation 

In studying the current variation it is necessary to secure such 
conditions that, while the current rate varies, the other factors 
remain unmodified Several streams in the Douglas Lake region 
presented such favorable conditions because within a short dis¬ 
tance of places where larvae occur normally the velocity may be¬ 
come much lower while the food material and the chemical nature 
of the water remain unaltered This favored the transplantation 
work which was earned out in Maple River, Carp Creek and 
Bessey ("reek 

In Maple River 

Maple River arises in the extreme end of Maple Cove Quiet 
lake water is thus gradually converted into unaltered running 
water The current becomes about 1 5 feet per second near a 
cat-tail patch about 20 feet downstream from the lake margin 
Here iarvao suddenly appear in great numbers, mostly on long 
cat-tail leaves that are bent and floating in water, but also on 
Potamogeton and other plants From this point lakeward (up¬ 
stream) the current decreases gradually until it disappears in the 
shallows of the cove This section with varying rates of current 
was selected for the transplantation experiments 

Seven stakes were set in a row, with the first nearest to the 
cat-tail patch and the others successively upstream with the last 
farthest out in the lake Cat-tail leaves bearing larvae and pupae 
were cut off at the leaf base and gently dragged in water to the 
different stations and tied to the stakes, care being taken not to 
dislodge the larvae by jerking the leaves too much or lifting them 
out of water At the same time fresh cat-tail leaves were tied to 
each station to provide more objects for attachment The current 
rate at each station was measured In general, there was some de¬ 
crease in the numbers after the transplantation, but if the majority 
remained they were recorded as established Records were taken 
every second day for 20 days and at longer intervals subsequently 
From observations extending over six weeks the following results 
were obtained 
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Station t - Current variation, 0 97-1 26 feet per second 
throughout penod of observation Larvae well established and 
pupated normally Station observed for only 16 days, owing to 
disappearance of stake supporting transplanted leaves 

Stations 2S — Stations located near beginning of river Sta¬ 
tion 3 throe feet upstream from Station 2 and slightly within margin 
of lake Current variation 0 79-0 97 foot per second during whole 
penod of observation Transplanted larvae well established and 
subsequently pupated Fggs hatched and resulting larvae thnved 
Later in the season, on fall of the lake level, the current rate was 
nearer 0 79 and larvae decreased in numbers, though somo of 
vanous sizes present till end of observation period 

Stations 4-5 — Out in lake, 2 feet apart, fetation 4 about 
10 feet from Station 3 Current 0 58 foot per second, sometimes 
slightly higher Transplanted larvae, mostly fifth and sixth in- 
stars, established at both stations and pupated Larvae hatching 
there disappeared after reaching fourth instar 

Station 6-7 —Station 6 about 35 feet farther m lake from 
Station 5 and Station 7 about 5 fet t beyond Station 6 Current 
0 40 foot per second (lowest rate measurable by available appara¬ 
tus), not detectable later in season Larvae disappeared from 
supporting leaves, very few remaining 2 or 4 days after trans¬ 
plantation Larvae, full-grown at transplantation, pupated and 
emerged successfully Eggs, deposited locallv or transplanted, 
hatched, but resulting larvae disappeared within 2 or 3 days 
Results — When larvae were transplanted from their normal 
habitats to localities with all conditions the same, except for re¬ 
duction of the current velocity, they became established only where 
the current rate was 0 58 foot or more per second, the medium- 
sized larvae of the fourth mstar appeared to require a current 
higher than 0 58 foot per second 

In Carp Creek 

Carp Creek is a swift stream fed by underground water and 
flows through a deep, wooded valley into Burt Lake About half 
a mile from its mouth a beaver dam over 200 feet long and 3-5 
feet high produced a waterfall of considerable volume near the 
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steep oast bank SimuJium larvae, Sf venunlum mixed with $ 
vtUatum, occurred ui large numbers in the overflow, but were 
present in the creek in smaller numbers The heaver pond above 
the dam was very extensiv* f at its bf ginning, where the swift 
stream became gradually converted into the quiet water of the 
pool, there was found a natural graded senes of current velocities 
This favorable location was selected for transplantation work to 
find out the minimum rate required 

Convenxnt objects in the stnam were chosen as the stations 
and the current rate at each was measured In the first senes, 
four stations had the following rates per second Stations 1 and 
2, 0 97 foot, Station 3, 1 49 feet, Station 4, 1 87 feet Sticks 
bearing a good supply of larvae were collected from below the 
beaver dam and were tied securely at the different stations When 
examined the next day, larvae were established at Stations I and 
4, but had disappeared from Stations 1 and 2 Apparently the 
minimum rate was between 0 97 and 1 49 feU per second 

A second senes of four stations was then selected Sticks with 
a good supply of larvae were collected from below the beaver 
dam and earned over in a long shallow pan containing water 
This proved to l>o a good method The results from observations 
of one week were as follows 

S (alum 5 — Current rate 0 97 foot per second After 2 days 
only 2 larvae out of about 20 were found on the stick, which was 
already fairly well covered with sediment, all had gone after 
4 days 

Station 6 - Current rate 0 97 foot per second After 2 days 
only 1 larva out of about 50 was left on the stick, which was 
covered with sediment After 4 days no larvae were seen 

Station 7 - C urrent rate was 1 26 feet per second Larvae 
well established Aftir 6 days most of the larvae shifted to the 
under side of the stick when the upper surfaco was covered with 
sediment 

Station 8 — Current rate was 1 26 feet per second No larvae 
were present on the next examination, but the stick was mufch 
lower down than when it was fixed, indicating that it might have 
been interfered with in some way 
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Station S of Senes I ~ 0 urrcnfc rate was 1 19 foot per second 
Larvae were established and still prow nt on the w vuith day after 
transplantation Sediment was gradually accumulating, larvae 
shift* d to the under sidf 

Results —- I/arvac transplant* d from a locality with a rate of 
2 75 feet per second liecame establish! d at a rate of 1 26 feet pi r 
second Records of Stations 5 and 6 tend to indicate tint they 
might establish themsthos whore the current rate was 0 97 foot 
per second, if the factor of scdimt nt was eliminated 


In Bessey Creek 

Only one senes of three transplantations was made no larvae 
were established at th< m w localities, but inter* sting ohserv itions 
were made on the b< havior of the larvae immediate ly afti r the 
transfer from their normal current rate to a wiaktr one In 
transplantation the plant Uuf supporting a colony of larvae was 
cut off and gently dragged in water to thi selected spot Y<ry 
few larvae were lost through this handling But soon after the 
leaf was fastened the larvae became restless, they changed their 
point of attachment and turned their heads in differ* nt directions, 
as if testing the movement of the watt r Viry oft* n they Hhiftt d 
to the under side of the Uaf, or along the lower edge if the blade 
was in a vertical position, and m re established U mporarily Borne 
larvae actually loosened themselves from attachment and, as they 
spun the silk thread, were carried slowly downstre am The y won 
able to Rtop spinning and remain suspended for a whilt to investi¬ 
gate thtir environment Some began climbing baek on the silk 
thread, but very few reached the original position If the thnad 
became attached to aomt neighboring object, tin larvae crawled 
upon it Most of them would start spinning again and wt re soon 
carried away downstream On one occasion approximately one 
half of the original population wire lost from the leaf within 20 
minutes This was a transfer from a habitat with a rate of 1 87 
feet per second to a plaoe where the current was 0 56 foot per 
second In one transfer from a current rate of 1 26 feet per & corn! 
to one of 0 40 foot per second the behavior of the larvae was the 
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same, within 15 minutes most of the large and medium ones had 
disappeared from the upper surface of the loaf 

DISCUSSION 

From the results obtained from transplantation work, there 
are several points of interest to be considered 

(1) When larvae are transferred to a cum nt weaker than that 
of their normal habitat, some of them let go their hold within a 
very short time, as if in search of a more favorable environment 
Obviously, this behavior is not due to the food relation, because 
they could not have suffered, within a few minutes, from any 
decrease in the amount of food carried to them by the slower 
current The important factor of oxygen supply does have imme¬ 
diate effects upon organisms and it seems to explain the response 
of the larvae on the supposition that the weaker current cannot 
meet their high oxvgen requirement But when the situation is 
examined closely, such an explanation cannot be applied The 
dissolved oxygen content of the surface water is high, and, further¬ 
more, the water in contact with tho body surface and anal gills 
is changed even with very slow current Under such conditions 
it seems difficult to suppose that the larvae are unable to effect 
adequate exchange of gases Tho very fact that not all the larvae 
left the now environment simultaneously is a proof that the cause 
of their restlessness is not suffocation It will bo remembered 
that in the study on the current rates in the natural habitat in 
Bessey Creek a small number of larvae were found living normally 
in a current of 0 56 foot per second It is evident from these con¬ 
siderations that the immediate desertion of the new locality is 
not a vital necessity This behavior appears, therefore, to bo a 
mere response to the change of pressure It is obvious that, with 
the slower current, the pressure of tho running water against the 
body surface is diminished and that this difference is the first thing 
the larvae experience in the new environment It seems reasonable 
to suppose that, after finding themselves out of their normal sur¬ 
roundings, they would become restless It may be, therefore, 
merely a response to the immediate stimulus without involving 
relation to the other factors 
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(2) A small number of larvae remained at stations in very 
weak currents for a few days, but finally disappeared This was 
observed In transplantation m both Maple River and Carp Creek 
Although they did not become established, the very fact that they 
lived for 3 or 4 days where the the current rate was only one third 
of that of their normal habitat was significant, and showed that 
they secured oxygon from the alow-moving water On the other 
hand, the final disappearance of the larvae indicated that there 
were factors other than oxygon supply involved in their require¬ 
ment for swift-running streams In Carp C reck, it appeared to be 
a matter of sedimentation, for the larvae disappeared when their 
supporting object was covered with sediment In Maple ltiver, 
there was no apparent cause for their disappearance, but there 
was the problem of insufficient food If only one third of the nor¬ 
mal volume of water passed through their fans in a unit of time, 
the amount of food they were able to strain was reduced accord¬ 
ingly It seemed, therefore, more plausible that the food factor, 
rather than the dissolved oxygen, would require 3 or 4 days to 
become effective 

(3) The minimum current rate at which the transplanted 
laxvao became established was found to be 0 58 foot per second in 
Maple River and 1 26 feet per second in Carp Creek It w very 
significant that the minimum rates differed so much in the two 
streams, one being a little over twice the other The disparity 
might be due to either a difference in species or a difference in 
the nature of the stream 

The material used in Maple River was practically a pure 
S vtUalum Zett population, that in Carp Creek, a mixture of S 
tnUatum Zett and S venusium Say these two were the most 
common species in the Douglas Lake region and occurred together 
very often in both swift and moderate currents They were also 
found together in other parts of Maple River It is evident, 
therefore, that, although the larvae were not identical in the two 
transplantations, this difference in the current requirement was 
not one of species 

Now, if the two streams are compared, they are very different 
in their source of water Bupply Maple River is formed exclusively 



574 


Yi Fang Wu 


from surface lake water, while Carp Creok is fed wholly by under¬ 
ground water The former has a temperature of 19° to 26° O 
during th< summer months, the latter, from 10° to 14° C t on- 
sidenng the temperature factor alone, it would seem that tho larvae 
in Maple River, bemuse of a higher rate of metabolism, would 
require a swifter current than those in ( arp Creek to got adequate 
oxygen and food supply Yet the result of the experiments was 
just the opposite, so that other factors should be examined Both 
streams have high content of dissolved oxygen, Maple River Ixing 
about 62 per cent of saturation and Carp C reck about 60 per cent 
This shows that it was not because of lower oxygen supply that 
the larvae in Carp Creek required twice as strong a current as 
those in Maple River The other possible factor to be discussed 
is the food material in tho streams Maple River has a typical 
lake plankton population, while Carp t reek, originating as it does 
from springs, has little chance to develop a plankton Quantita¬ 
tive plankton examinations revealed this fact If tho amount of 
food that can bo strained from a unit volume of water is much 
less in Carp Creek than m Maple River, it 1 b evident that the 
larvae m the former need a much larger volume of water to pass 
through their funs in order to obtain the same amount of food 
It seemB possible, therefore, to conclude that striking lack of agree¬ 
ment m the minimum rates for the establishment of transplanted 
larvae is due to the difference in tho amount of food matonal 
available in the two streams 

Trough experiments in Carp Creek 

In the transplantation work two possible imperfections had 
appeared (1) tho current rate at the different stations, though 
in general quite uniform, was not perfectly so, and (2) transfer 
of larvae from their normal habitat to a different one might bo 
too sudden for them to adapt themselves, especially when the 
new locality had a much weaker current It seemed advisable, 
therefore, to contrive an arrangement in which the current rate 
could be regulated and the velocity bo decreased gradually, all 
other factors remaining unmodified 

Equipment -—The overflow from one end of the beaver dam 
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came down to a shelf and forward over a natural slope into the 
creek Ihis slope, with its abrupt drop of approximately on* foot, 
was utilised for the trough experiments A water reservoir was 
built near the edge of the shelf and water was admitted into a 
parallel series of four long troughs through four openings in the 
headpiece, which was set firmly at the edge of the slope Each 
opening, which was 2\ inches in diameter, was fitted with a 
movable m<tal shutter by means of which the amount of water 
coming through could be regulated lhc reservoir above the 
headpiece provided a steady stream into th< troughs, t von though 
the volume of water from the btaver dam might vary from time 
to time A side channel served as an outlet or ovt rflow whin tlu 
water-level m the n servoir carm to within 2 3 inches of the top 
of the headpiece Each trough was 12 feet long and had a 
maximum depth of 4 inches One end nsted on a support built 
on the headpiece just below the opening The other end was 
adjustable to various heights, bung suspended by win to a 
Crossbar With tht angle of slojie adjustable and the volume of 
water regulated by the shutters, it was possible to obtain various 
current rates in the different troughs Hi rt, then, though all oth( r 
factors remained the same os in the normal habitat, stud> was 
made of one single factor, namely, that of current variation 

Sticks bearing a good supply of larvae were collected from 
Carp Crock in the immediate vicinity of the troughs and gt ntly 
introduced into them They were ht Id in place in the trough with 
wire Examinations wen made every second day, the (urnnt 
rate was measured and the number of larvae recorded In most 
cases an actual count was made These troughs were set up on 
June 29, 1927, and wen kept under observation until August 19 

IUTSULT8 

Trough l — Larvae introduced on June 29 were kept under 
observation until August 19 They were attached to a stick 
approximately 4 feet long and slightly more tlutn an inch m 
diameter It was comparatively straight, but had two short 
bends which pmduccd local cum nt accelerations by being too 
close to one side of the trough Other local nppks wort product d 
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at the lower end of the stick where there was a drop in the water- 
level, especially when the amount of water in the trough was cut 
down Those three points, therefore, always registered higher 
current rates than along the straight, smooth sections of the stick 
This made possible the observation of the larvae at points with 
small differences in the velocity rates For the first three days 
the velocity was about 3 5 feet per second and the larvae were 
well established When the velocity was gradually reduced, the 
results were as follows (1) Ihmng reduction of rate to 1 2 feet 
per second, the larvae were not affected and did not shift around, 
(2) When the velocity was cut down to 1 1 feet per second, a few 
large larvae migrated, but most of them remained, (3) With a 
rate of 0 9 foot per second, larvae disappeared from some points 
and remained at others - in general, few large larvae stayed in 
this velocity and then never more than 2 or 3 days, but medium 
and small ones persisted at this rate, (4) For small larvae, the 
rate of 0 8 foot per Becond appeared to be the critical point, be¬ 
cause only twice were a few individuals found in such a slow cur¬ 
rent, (5) At points with rates lower than 0 8 foot per second, 
larvae never remained 

Trough t — This trough was used for a study of maximum 
rate One stick bearing larvae was placed in the trough on June 29 
and kept under observation until August 16 The initial current 
rate was 3 5 feet per second on the first day, but after a gradual 
increase reached 6 feet per second on the eighth and was main¬ 
tained thus throughout the rest of the period This was the highest 
velocity in this trough set-up The first count made on the fifth 
day showed 28 larvae This number gradually and slowly de¬ 
creased, but there were new pupae appearing throughout the whole 
period After 43 days there were 3 larvao and 4 pupae on the stick 
This record shows that the larvae lived in a current of 6 feet per 
second for a long period This rate, however, was not high enough 
to dislodge them from their attachment It would have been 
interesting to determine the exact maximum rate, but this experi¬ 
ment was not extendod further because the minimum rale was, 
after all, the critical matter in this work 

Trough 3 — This trough was operated to determine the mini- 
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mum rate The results agreed with those from Trough 3 The 
only additional finding was the record of a mixed group of medium 
and small larvae established at a point where the rate was 0 8 
foot per second 

Trough 4 — For the first 10 days this trough was operated 
with a current rate of 3 5 fe< t per second and larvae were well 
established It was then changed into a study on slow current 
In general, the results were like those from Trough 1 

A similar arrangement of troughs had been set up below the 
beaver dam in the previous summer (1926), but observations were 
made oyer shorter periods and the results were not then considered 
conclusive However, when these arc compared with the n suits 
of 1927, it is significant to find that the minimum rates determined 
are the same 

Larvae in standing water 

It is repeatedly stated in the literature that larvae can live 
only a few hours in standing water, the longest period recorded 
is 48 hours (Pomeroy, 1926, p 19) in shallow water barely covering 
them The writer has kept them for much longer periods The re¬ 
sults of these experiments are to be presented and discussed in 
the section on oxygen supply, but the fact that many larvae have 
been maintained for 8-14 days and a few for 23 days in stand¬ 
ing water should be recorded here It definitely shows that larvae 
can live for several days in shallow water without any current at all 

EXPERIMENTS ON THE POOD FACTOR 
Filtration of lake water 

Equipment — In order to remove the food material from the 
water without otherwise changing it, a sand filter was devised 
Since the natural medium for S viUatum at the ongin of Maple 
River is formed from surface lake water, the same kind of water 
was used in the experiment Current was provided by leading 
the filtered water into a trough, on the walls of which the larvae 
were Induced to attach themselves 

The filter tank was of galvanised iron, 14 inches in diameter 
and 28 inches deep Two drainage openings at the bottom were 
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fitted with stopcocks to regulate the flow The gravel foundation 
consisted of several layers of different sisos, which were as follows, 
beginning at the bottom (1) gravols, 1-3 inches in diameter and 
about 4 inchis deep, (2) gravels, }-l inch in diameter and about 
2 inches deep, and (3) smaller gravels about 2 inches deep Super¬ 
imposed was the sand layer, about 12 inchis deep Tyler graded 
screens were used to sift the sand, in order to get grains of different 
sines in the propt r proportions for a filter bed The sand was taken 
from the clean, exposed beach and thoroughly washed before it 
was put into the filter tank Water was let into the filter at the 
top from the big water reservoir in the aquanum building This 
reservoir was kept filled with fresh, unmodified lake water by a 
power purnp A wooden trough, 54 inches long, received a steady 
stream from the bottom drainage outlet of the filter tank A 
similar trough was set up as the control, receiving water directly 
from the mam reservoir 

S viUatum larvae were collected from Maple River on July 18, 
1927 A steady stream was first started in each trough, after 
which larvae were introduced one by one with a pair of forceps 
With the larva held loosely between the curved points, the for¬ 
ceps were placed in water against the sidt of the trough If the 
larva was in such a position as to be able to reach the board with 
its mouth-parts, it clung there and drew its posterior end down 
against the side to effect attachment If the larva was washed 
away from between the prongs, it usually spun a silk thread as it 
was earned downstream, one tnd of which remained anchored to 
the forceps By gently pressing the forceps against the side of 
the trough, the silk strand would usually adhere to it, thus bringing 
the larva also nearer the side to which it might attach itself, either 
directly or by climbing back on the silk thread until it reached the 
board Of course^ some larvae were earned away by the stream, 
particularly if when put into water they did not produce any 
viscous material on the forceps and therefore could not begin 
spinning the silk thread By careful manipulation larvae were 
introduced without much loss In order to secure in the two 
troughs matenal stnctly comparable as regards ages, care was 
taken to introduce a few of the same sue into the exponmental 
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trough, and then the wimi number of similar size into the control 
By repeating this alternate selection process many times, ulti¬ 
mately both troughs were provided with larvae of medium sizes, 
the proportions of each size thus being as nearly the same as 
possible in the two troughs By regulating the amount of water 
supply and the angle of inclination, these two troughs were kt pt 
with approximately the same cumnt rate, 1 4 feet per second, 
throughout the period of observation Examination was made 
twice a day and the number of larvae present, of pupae trans¬ 
formed, of emergences and deaths was recorded 

In order to test the efficiency of filtration by this filter bed, 
water from the drainage outkt at the bottom was passed through 
a plankton net, but no plankton organisms were recovered It 
was then passed through a fine filter paper, but nothing was col¬ 
lected after 10 or 15 minutes’ filtration It was only aft* r longer 
periods that a few extremely minute algae might be se< non the 
paper under the microscope This study shows that the possible 
food supply was almost wholly removed by this filtration When 
the feeding method of the larvae is considered, the small number 
of minute algae present became really negligible ns food From 
the eighth day, the drainage gradually became slower, on the next 
morning, about one-half inch of surface sand was scraped off 1 he 
removal of this coating showed the clean sand underneath and 
normal filtration was restored >resh, clean, gradtd sand was 
added to maintain the depth of the sand layer Only one more 
scraping was meded to keep it working until the end of the 
experiment 

Results — The results from this stt of troughs are summarized 
in Table I No marked effect was produc<d on the larvae by 
keeping them in filtered water It should be noted that th« fil¬ 
tration did not remove every possible food material contained in 
the water, it merely removed the plankton organisms that nor¬ 
mally constitute the food for the larvae Whether the larvae wert 
able to secure nutntion in the filtered water in some form other 
than plankton was not determined It is evident that with ft 
greatly reduced food supply, the larvae still lived to pupation, 
although it was somewhat delated While the last larva m the 



580 Y% Fang Wu 

experimental trough pupated only 5 days later than that in the 
control, marked differences were found earlier in the experiment 
As shown in the table, 43 per cent of the pupation in the control 
trough occurred within the first 4 days and 50 5 per oent within 
the next 4 days, making a total of 03 5 per cent, but in the experi¬ 
mental trough only 39 2 and 24 per cent occurred in the same 
penods, respectively 

With reduced food, growth should be affected and the ma¬ 
ture larvae in the experimental trough should bo proportionately 
smaller than those m the control Since actual measurements of 
the larvae could not be taken without removing them from the 


TABLE I 

Effects of Filtered La kb Water on Larvae and Pupa® 



Experimental trough 
Filtered lake water 

Control trough 
Unmodified 
lake water 

Duration of experiment 

32 days* 

20 days 

Larvae introduced 

212 ‘ 

220 

Larvae dead 

23 41 

19 ‘ 

Larvae lost 

591 " 

15 41 

Larvae pupated 

130 4 

186 4 


Duration of Pupation 

Number 

Percentage 


Percentage 

Within first 4 days 

51 

89 2 

80 

43 0 

From 5th to 8th day inclusive 

32 

24 6 

94 

50 5 

From 9th to 12th day inclusive 

39 

30 0 

10 

6 3 

From 12th to ldth day inclusive 

7 

5 3 

1 

0 5 

On 21st day 

On 26th day 

1 

0 7 

1 

0 5 

Total 

130 

99 8 

186 

i 

99 8 


* The last pupa had not emerged when the experiment was discontinued 
t The large number of losses was due to external disturbances, the trough 
was without a stream for a short period, onoe on the third morning and another 
time on the thirteenth day Except for these losses, the number of larvae dis¬ 
appearing from the trough was comparable with those in the control trough 
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trough, such a study was not mad<, but all th< pupal caw s in 
each trough wire preserved after the ormrgence of the adults 
Owing to th( membranous folds of th( abdomen, the pupal skin 
could not b< accurately measured The cocoon, however, was of 
firm textur* and provided a good index of tho size of the larva 
8 tnllalum, 8 venuitum and 8 jenmngn all have cocoons of the 
wall-pocket type, with cases of distinctly differ* ut aiz* s com spend¬ 
ing to the size of tho larva* of each spccits furthermore, as 
pointed out in the description of cocoon-spinmng, the dimensions 
of the cocoon were mainly determined by the Ungth of th* larva, 
because it was attached at its posterior end throughout the whole 
process Ihtrefore the cocoons from these two troughs wire 
measured to get the relative size of the pupating larvar Measure 
menfc was taken from the apex of the cocoon to the rmddh of the 
nm at the op*n end No attempt was niadr to get the length 
between the aptx and the two corners in front, because they were 
not well defined and parts might be broken off when removed 
from the trough If th< apex of any cocoon was not complete, 
it was discarded and no measurement tuken Altogether, 167 
cocoons from tho control trough and ItH from the experimental 
trough were measured Table II gives the measurements The 
cocoons from the experimental trough wer* grouped into two sets 
(1) those resulting from pupae which transformed within thi first 
4 days, and (2) those belonging to pupae that transformed after 
the 4th day Cocoons from the control trough wen also measured 
in separat* lots, but the y were put together because there was no 
diff* rencc m size between the early and the later cocoonR 1 he 
average length is 3 62 mm for cocoons from the control trough and 
3 08 mm for those from the exp* nmentul trough Whin plotted, 
each curve has a mode at a different point cocoons from the 
control trough had the highest figure, 3 42 mm , those from pupae 
of the first 4 days m th* experimental trough the next lower, 3 15 
mm , and those after tho 4th day the lowest, 2 88 mm Ihest 
figures clearly show the smaller size of larvae in the experimental 
trough, apparently because of the effect of the much reduced food 
supply This experiment shows tliat larvae of the medium to 
mature stages continued to develop and transform to adults when 
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the food supply, i e the plankton in the water, was almost, if not 
completely, removed 

Larvae in well water 

Standing water cultures — In some standing-water cultures, 
aferated well water was used Ihis was underground water that 
had passed through deep layers of sand and was obtained by 
means of a hand pump and a long iron pipe driven deep into the 
ground Microscopic examinations had shown the water to be free 
of organisms In starting a culture, although small amounts of 
lake water and possibly some organisms were introduced adhering 
to the larvae, the amount of food material that might be present 
in such a oulture was extremely limited But larvae lived 16 days 


TABLE II 

Measurements of Cocoons from the Experimental Trough with 
Filtered Water and mo m the Controi Trough 


Length of 
cocoon iu 
miu 

Control trough 
number of 
cocoons 

Experimental trough 

number of cocoona 

Pupated within 
first 4 days 

Pupated after 

4th day 

2 34 


1 


2 47 


1 

2 

2 61 



4 

2 74 

3 

2 

14 

2 88 

12 

6 

18 

3 01 

15 

6 

9 

3 15 

26 

9 

8 

3 28 

24 

7 


3 42 

28 

6 

1 

3 55 

27 

2 

2 

3 60 

14 

2 

1 

3 82 

14 

1 


3 06 

2 

i 


4 00 

t 



4 23 




4 36 




4 60 

1 



Totals 

167 

45 

59 
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in one culture , in another, 19 larvae (18 8 ptr cent of the original 
population) of various sises were still alive after having been in 
well water for 10 days In these cultures the last pupation was 
recorded on the 7th or 8th day, and no growth was apparent in 
the younger larvae 

Well-vxUer trough — An attempt was made to study the larvae 
when kept in a stream of aerated well water Two carboys were 
used as the reservoir, a siphon was arranged to lead a small, 
steady stream into a 2-foot trough, on the wooden board of which 
the larvae were induced to attach themselvi s h tw wen lost from 
the trough while the stream was running Undt r these conditions 
larvae lived as long as 8~9 days Since only fresh, pure well water 
surrounded the larvae, this record can be taken as repn renting 
complete starvation 

Larvae tn damp chamber 

Frequently larvae were left in collecting jars after the contents 
were poured out If the jars were stopped tightly and the larvae 
remained wet some were found alive after 1 or 4 days, some¬ 
times they lived for 7 days Such larvae had no chance to take 
food 


KXPERIMKNTO on oxygen supply 
Standing-water cultures in open vessels 

Cultures — Previous investigators have claimed that the larvae 
die within a short time in standing water They have explained 
this phenomenon as duo to insufficient oxygen supply, but no 
expenments were performed to support or disprove this supposi¬ 
tion Attempts were made, therefore, to keep larvae in standing 
water and to study the conditions critically 

Six different sets of experiments were made, all cm ntially of 
the same general character In the first five, 692 larvae of S intta- 
tum were used, in the sixth, about 400 larvao of S viitaium and 
S venustum mixed All cultures were kept in the aquarium build¬ 
ing, where temperature conditions approximated closely those of 
the habitats from which the experimental larvae were secured 
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Details of experiments cannot be presented her*, they arc on file 
in the office of the Graduate School and in the Department of 
Zoology, University of Michigan 

The results show that some of the larvae can live in quiet 
shallow water for several days The longest period observed was 
23 dajs for a few small larvae and 14 days for large ones Fven 
with shorter periods of 6-10 days, during which the majority gradu¬ 
ally died, the period was too long to account for the (hath of the 
larvae simply on the basis of a lack of adequate oxygen supply 
in the medium In a critical examination of the conditions, the 
following data should be considered 

(1) The dissolved oxygen content of shallow water in the open 
vessel* Since th( quantit} of water in fchew cultures was not 
sufficient to make a gas analysis, a study was made of the rutc of 
absorption of oxygen by water with very low oxygen content It 
was found that in water 2} inches deep, the oxygen content reached 
25 per cent of saturation in 1 hour and 33 per w nt in 3 hours In 
water 1 inch deep, the oxygen content readied 56 per cent of 
saturation in IJ hours and 60 per cent m 4J hours After this 
concentration was reached, it gtayed around 60-65 ptr cent in 
wattr inches deep, whether the water had stood for one day 
or sevtral days This percentage was about th< same as that m 
Maple Hiver and C arp Creek It is evident, therefore, that the 
actual amount of dissolved oxygen in the standing-water cultures 
was not lower than that in the natural habitat and, so fur as oxygen 
content is concerned, ought to be sufficient to meet the require¬ 
ments of the larvae 

(2) Temperature and the resistance of larvae tn standing water — 
It was observed that collections made on warm days usually had 
a higher percentage of deaths than those made on cooler days 
lurthcrmore, material from a cold stream, such as Carp Creek, 
suffered much lrfore in the transportation from the field to the 
laboratory than did the material from warmer waters The ex¬ 
periments showed that larvae can endure cold, standing water 
much better than standing wat<r whose temperature is higher 
than their natural habitat 

(3) Overcrowding — Overcrowding of larvae in the limited 
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space may bo one of the reasons why the majority usually died 
off within the first day After the removal of the dead subsequent 
to this initial loss, the majority of th< survivors lived iu thew cul¬ 
tures for 3-4 days, a few individuals existed for 0 14 days In 
the field, the author eommonly selected sticks or plant h aves with 
a large population of larvae and then subjtiUd them to the con¬ 
ditions of a small colk oting jar On tx mg brought to the labora¬ 
tory, the larvae wen seldom divided into diffen nt vessels Since 
the thick colonies in th< natural habitat had fresh wat< r flowing 
over them, thty met a different tondition whin so crowded and in 
water not moving Rut with rtduccd numlxrs the> fared much 
bettt r in the same vt ssel 

Standing water with known oxygen content 

Afclhtxl — In order to study tlu larvae in watt r with constant 
dissolved oxygen conttnt, particularly with small amounts of 0 2 , 
a senes of experiments was performed Two 250-t ( bottles were 
filled with the same kind of water according to the usual procedure 
of collecting samples for gas analysis Into one of them wire 
introducul 5 larvae, aftir which it was stoppered tightly, the 
other was umd for the dissolved oxygen analysis In this senes 
of experiments Ann Artior city water was used Preliminary ex¬ 
periments had shown that larvae lived well in this water if ae rated 
It is underground water obtained from artesiau wells, analysis 
had shown it to be practically d( void of dissolved oxygen ty he n 
water with very low oxygon content was desired, the tap water 
was drawn with a rubber tubing inserted into the fauett with the 
outlet end of the tube kept under the surfau of wat( r in a large 
circular aquarium which was used as tho common Rupply for the 
two bottles in each set of experiments To obtain water with a 
little higher oxygen content, the tap water was allowed to fall 
gently without agitation on the wall of the nquanum, after various 
periods of standing, the bottles were filled tor experiments with 
high oxygen content the water in the aquarium was aerated with 
oompressed air before it was siphoned into the bottles 

A sample for dissolved oxygen analysis was taken at the time 
when the bottle was filled and another one at the end of the ex- 
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penment from the water in the bottle Temperature varied from 

14 4° C to 22 2° C 

The material used in these experiments, S jenninget Mall 
mixed with some S venustum, was collected in the Huron River 

Results — Details of the experiments will be omitted The 
results may be summed up as follows (1) When the water had a 
dissolved oxygen content of 15-23 per cent saturation, larvae lived 
from a few minutes to 13 hours, (2) When the dissolved oxygen 
content was lower than 15 per cent of saturation, larvae succumbed 
within a few minutes, (3) In water with a dissolved oxygen con¬ 
tent of 72 80 per cent of saturation, the larvae lived 60-114 
hours 

Current and low dissolved oxygen content 

After it was found that larvae could survive for several hours 
in standing water with a dissolved oxygen content as low as 

15 per wnt of saturation, an attempt was made to determine the 
results when the larvae were supplied with a current, the dissolved 
oxygen conttnt of the water remaining low This required an 
arrangement by which the water had a steady current, but was 
not exposed to the air The two kinds of equipment which were 
used will be described separately 

The Stirrer 

Equipment — A oylmdncal aquarium of 10-inch diametor was 
fitted with an axle which could be revolved freely when its upper 
end was attached to a motor Near the lower end of the axle 
was fixed a transverse bar bearing a metal blade, 2j inches by 
2\ inches, on each end When the axle was revolved, the blades 
pushed the water in front of them and thus created a steady Cur¬ 
rent flowing ovej the wall of the aquarium This axle was so fitted 
that it could be easily removed or set up again 

First, the larvae were put into the aquarium, in about 4 
inches of water This was to prevent them from becoming es¬ 
tablished on the aquarium wall higher than the level of the upper 
edge of the metal blades In order to get them attached on the 
aquarium wall, use was made of the compressed air In the stirrer 
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aquarium, when two or three rubber tubings were so arranged as 
to let the air bubbles come up along the wall, the larvae soon 
became established near the outlets Whin enough were attached 
for the experiment, all the rest were removed and the axle was 
set in place In order to reduce the high oxygen content resulting 
from the aeration with the compressed air, more tap water was 
quietly siphoned into the aquarium beneath the water surface 
Then a thick layer of paraffin oil was poured over tho surface of 
the water to protect it from the atmosphen When connected 
with a motor and set revolving, the stirrer produced and main¬ 
tained a steady current flowing ovor the larvae A similar stirrer 
was Bet up as the control, but without the oil layer In this work 
the motor was mounted on a power table equipped with a series 
of pulleys so arranged as to provide a wide variety of different 
rates of revolution The axles of the two stirrers were separately 
coupled up by belts with pulleys giving the same speeds With 
the rate of 50 revolutions per minute, the current rate was cal¬ 
culated to be 2 feet per second 

It was soon discovered that the layer of paraffin oil failed to 
prevent absorption of atmospheric oxygen by the wat< r under 
neath it, although the rate of absorption was distinctly retarded 
This agrees with the unpublished work of Professor Paul S Welch 
on the efficiency of the oil la>er as a means of preventing oxygen 
absorption While this manuscript was being prepared, IIill (1928, 
p 374) reported on the relative cfficionc} of different liquids for 
the exclusion of oxjgen, likewise confirming the fact mentioned 
above According to Harvey (1928, p 03), Rob< rts has conducted, 
with similar general nsuits, experiments "upon the rate of entry 
of oxygen into sea water covered with a thin him of oil ” There¬ 
fore, in order to maintain a reduced dissolved oxygen content, 
part of the water in the stirrer was siphoned from under the oil 
and water fresh from the tap was similarly siphoned in to restore 
the original volume, this was repeated frequently as conditions 
demanded Care was taktn not to disturb the larvae or to lower 
the water-level 1 hw exchange of water was performed without 
stopping the rotation and few larvae were dislodged By this 
partial change of water the dissolved oxygen content was kept 
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lower than that in the control-stirrer, although it could not be 
kept constant 

Results ~~ Table III gives the records of Stirrer Experiment I, 
in which the dissolved oxygen content was not reduced by the 
change of water When tho amount in the stirrer approached that 
in the control, the experiment was discontinued Both < xpenment 
and control showed a certain gradual loss in larvae, but it was 
very similar in both Also, since in both experiment and control 
the oxygen content was relatively high throughout the test, tho 
loss in larvae indicated what might be expected in Stirrer Experi¬ 
ment II, apart from any possible additional < fleet of reduced 
oxygen lahk IV gives the records of Stirrer Experiment II 
In general, the numl>er of larvae lost from the wall was slightly 
greater m the experimental stirn r than in the control, but there 
was not any greater loss at the time of reduced oxygen content 
than during othtr intervals In fact, after the oxygen content 
was at 1 50 c e pt r liter, the larvae did not Ixicome restless and 
very fc w wi rt lost from the wall during tho five hours when the 


1ABLT' III 

Stikri-r Experiment 1 


Onto 

Number 0/ larva* and 
pupa* 

Temperature 

Dliwolved oxygen 
(e o per liter) 

Fxpenmont j 

J Control 

Fxperfment 

Control 

Lxporlment 

Cor trol 

Larvae 

■d 

! 

Larvae 

Pupae 

May 27 









2pm 

43 

8 

04 

3 

21 2 C 

20 2° C 

363 

460 

May 28 









9am 

37 

10 

61 

4 

23 C 

20° C 

488 

5 73 

fiPH 

34 

10 

60 

4 





May 29 









9am 

30 

10 

67 

6 

21 5 C 

20 4 C 

5 70 

042 

4pm 

28 

10 

53 

6 





May 30 









10 A M 

22 

10 

51 

6 

2 rc 

20° C 

614 

6 49 

7pm 

18 

10 

42 

6 
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oxygon content was between 1 56 und 2 91 c c per liter The 
losses in both exponent nt and control arc very similar to those 
occurring in Stirrer Experiment 1, in which reduced oxygen was 
not involved Evidently reduced oxygen had no significant cfTect 

The Rotation Disk 

The stirrer expermu nts showed that larval wen well tstal>- 
lished in the current when thi dissolved oxygen in the water was 

TABLE IV 


SriRRMl hxrtRlMI-VT 2 



Number of larvae and 
pupae 

n 

Temperature 1 

Dissolved oxygen 
(l e per liter) 

Date 

{ Y xperimsut j 

1 Control 






-—— 

.—^ 

— 

— — 

1 xperiment| 

Control 

Fxpenmenl 

( antr l 


Larvae 

Pupae 

1-arvae 

i 

3 

c. 


1 



June l 






_ _ 



2 1 M 

220 


208 


21 C 

198 C 

3 02 

4 41 

8pm 

205 

5 1 

253 

6 





June 2 









10 All 

194 

12 

237 

14 

21 4 C 

19 1 C | 

426 

568 

d P M 

184 

15 

230 

20 





3 10 r M * 









5pm 

172 

18 

228 

22 ! 

21 7 C 


2 91 


June 3 









10 am 

150 

22 

218 

30 

22 C 

20,2 C 

3 69 

6 34 

3 pm * 









6pm 

144 

24 



222 C 


1 50 ! 


10 P M 

141 

21 

210 

32 

23 C 


2 45 


June 4 





| 




9am 

1 62 

20 

190 

39 

23° r 

22 C 

3 55 

6 43 


* Partial change of water t« reduce the dissolved oxygen content 


varying between 1 56 and 3 70 c c per liter at 22° C , that is, 
from 17 to 41 per cent of saturation In ord* r to find the minimum 
limit of the oxygen content for the larvae, the rotation dish ex¬ 
periments were devised Since the experiments on standing water 
with low oxygen content showed that some larvae wore able to 
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live as long as 13 hours in water with dissolved oxygen of 16-23 
per cent of saturation, it was decided to study the effects of lower 
oxygen content not only in a current, but also in standing water 
In this way the relation between the actual amount of dissolved 
oxygen and the current might be discovered 

Equipment — In order to maintain low oxygen content and 
at the same time a current in the water, tightly sealed vessels were 
rotated on a platform, which was then connected to a motor Tap 
water, known to be almost devoid of dissolved oxygen, was drawn 
into a large aquarium by letting the water flow gently against the 
wall with as little agitation as possiblo If a very low oxygen 
content was desired, water was drawn with a rubber tubing in¬ 
serted into the tap faucet and the outlet end of the tube kept 
under the water surface of the receptacle Water was then si¬ 
phoned from the aquarium into a bactena dish 7 inches in diameter 
After it had overflowed the dish 1J-2 times its capacity, a sample 
for oxygen analysis was taken while tht siphon from the aquarium 
kept the dish filled Then 5 larvae were placed in the dish and 
induced to attach themselves near or on its wall A heavy glass 
plate cover was slipped on so as to include no air bubbles and was 
sealed tightly with vaseline This dish was then set on the rotating 
platform A control dish was set up with the same water, with 
exactly the same method, and placed on a table (not rotated) 
At the end of each experiment, a sample for oxygen analysis was 
again taken from the water in the dishes. 

After the experiment was started, the larvae were examined 
about every 10 minutes But in the beginning, or when the larvae 
appeared to be in a critical condition, an examination was made 
every 5 minutes In those experiments which ran over several 
hours, examinations were made every 20-30 minutes toward the 
end of the penod When the control dish was examined, the 
larvae were continuously watched, usually for penods of 1 2 
minutes and sometimes even 3^5 minutes If they showed no 
movement, tho dish was jarred to stimulate them When they 
failed to respond to repeated stimuli a “no response" record was 
made In tho experimental dish the rotation had to be stopped 
in order to make an accurate observation Usually the larvae 
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showed movement upon the stopping of rotation or when the water 
came to a standstill niter 1-2 minutes Most frequently, they 
moved in a characteristic way as if testing the current around 
them, or they might bend sidewise or wave the anterior part 
of the body If the larvae failed to move after 2 minutes, tht n 
the rotation platform was pound(»d in order to jar the dish, and 
their response or failure to respond was recorded Concerning 
the movement of water in the rotation dish, it should be mentioned 
that the current flowing over the larvae was not continuously of 
uniform rate When rotation first started, there was considerable 
lag of the water as compared with the speed of dish rotation, 
hence greater current, but it slowly decreased until the motion of 
the water acquired its nearest approach to the rate of rotation 
of the dish, after which the slow current thus produced against 
the walls of the dish was uniform In this set of expt nments the 
important factor for this study was noi the actual cuirent rate, but 
rather the difference in the effects on the larvae of standing water 
as contrasted with moving water With the water moving, even 
though slowly, the medium In the immediate surroundings of the 
larvae is being changed all the time, and this constitutes the signif¬ 
icant difference from the condition in the control dish where the 
water was standing still lurthermore, with each examination of 
the experimental dish, the rotation was stopped and started again, 
so that this increased the rate of water movement for short 
intervals 

Results — The results from this senes of experiments arc pre¬ 
sented in labh V The most significant point is that the Inrvu 
in every rotation dish resisted the low oxygen content betfa r than 
did larvae in the corresponding control, no matter what per¬ 
centage of saturation each set presented In fact, the dissolved 
oxygen in every control dish, except two, was slightly higher than 
that in the rotation dish, because the former was always set up 
after the latter and consequently the water in the supply aquanui i 
absorbed more oxygen during this interval Since the two dishi s 
of each experiment were set up under identical conditions, except 
that one had the water moving and the other quiet, the difference 
in results can be attributed only to the factor of current When 
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the slow rate of oxygen diffusion is considered, it is evident that 
the sedentaiy larvae will suffer from lack of oxygen when the 
amount in the immediate surroundings is either exhausted or re¬ 
duced to a critical point This supposition also explains how the 
moving water eliminates this deficiency by providing for a con¬ 
stantly changing supply of the water over the anal gills and body 
surface The uniformity of results from this aeries of experiments 
gives strong evidence for this function of the current, at least for 
water with low oxygen content 

The records also show that, with the increased dissolved oxy¬ 
gen, the larvae continued active longer both in the rotation dish 
and the control In Experiment VIII, one larva responded after 
having been in the standing water (oxygen content of about 15 
per cent saturation) for 3J hours This corresponds closely with 
results obtained from the standing water senes in bottles In 
the rotation dishes, when the dissolved oxygen content was 12-14 
per cent of saturation, the larvae were still active after 7-12J 
hours’ exposure This record shows definitely that the oxygen 
requirement of the larvae is not as high as generally claimed 

GENERAL DISCUSSION 

tvidencc is obtained from this study on the various factors 
of a normal running-water habitat that Simulium larvae have a 
definite requirement for current f and that the high dissolved oxygen 
content of the water is not the determining factor for their presence 
or absence, as has heretofore been so frequently stated This is 
also contrary to the conclusions of Hubault (1927), as described 
by Zeimat in Biological Abetrade, 2 (1928) 832, for the animals 
living in swiftly running streams The surfaoe water in the com¬ 
paratively slower and quieter portions of a stream was found to 
have practically the same dissolved oxygen content as that of the 
swifter and more agitated parts, and it is likewise shown by ex¬ 
periments that the larvae survived an exposure of 12J hours to a 
low oxygen content of 13 per cent saturation Therefore, the 
occurrence of larvae in only the swiftest parts of a stream cannot 
be explained by the supposition that their oxygen requirement is 
so high that the slowly moving water cannot satisfy it When 
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the natural habitats are examined, as for instance near the source 
of Maple River, there is a definite minimum rate beyond which 
no larvao occur EggB were frequently found on plants in the 
shallows, where the current was very weak or wholly absent, and 
no larvae became established after hutching On th« other hand, 
along the margin of the lake near the beginning of the nver, when 
the quiet lake water begins to become converted into running 
water, scattered colonies of larvae were well established in current 
rates never lower than 0 58 foot per second, a great majority of 
the rates were higher furthermore, the observations on the be¬ 
havior of larvae after transplantation to currents near the neigh¬ 
borhood of the minimum rate show how they respond to the 
decrease m the current and desert the new locality for no other 
cause It seems, therefore, safe to conclude that the larvae have 
an inherent requirement for current furthermore, th( re is some 
evidence that the accumulation of sediments may also lie influen¬ 
tial, to some extent, in determining the suitability of a certain 
current 

After material is brought in from the field and left in standing 
water, large numbers die within a short time, as was observed by 
previous investigators, but the surviving ones live many more 
days in the same water after the removal of the dead bodies If 
the oxygen content in the water failed to meet the requirement of 
those that died, it should not be able to sustain the remainder 
This seems to indicate that the first large mortality was not because 
the dissolved oxygen present per unit volume was too low, but 
probably due to some result of overcrowd mg of larvae in a com¬ 
paratively small container 

The food factor has also been studied, it proved to be of 
secondary importance as compared with the current Larvae 
have beon observed to endure practically completo starvation 
for 7~9 days, but those of medium and large sizes continued to 
develop in the experimental trough with filtered lake water, the 
food supply of which was almost, if not completely, removed 
The only effects were that the pupation period was somewhat 
prolonged and the pupating larvae, as shown, by cocoon size, were 
proportionately smaller than those in the control trough 
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SUMMARY 

1 New contnbulions not easily summarised have been made 
to the general biology of the different stages of Snnuhum and are 
presented in Part I of this pap< r 

2 tor the first time an observational and experimental study 
was made of the running-water habitat of Simuhum 

3 The current rates in the natural habitats were measured 
and found to be from 0 56 to 2 75 feet per second, or even higher 
where larvae were attached in more or less vertical falls 

4 By means of transplantation and current experiments in 
the natural habitat, the following results were obtiumd 

(а) The minimum current rate for larvae may be different 
in different streams The difference m the minimum rates in 
Maple River and Carp Crick was found to involve a difference 
in the food supply of the water, in Mapk River, with a rich plank¬ 
ton, the minimum rate was 0 58 foot per seoond, but in Carp Creek, 
with its great paucity of plankton organisms, the minimum rate 
was 1 13 ft ct per second 

(б) The minimum currt nt rate for the larvae in the same stream 
may be different at different points within short distances, largely 
determined, apparently, by the rate of sediment, accumulation 

(r) The minimum current rate for the establishment on larvae 
after transplantation may be diffmnt, depending on the abrupt 
or gradual reduction of current, the rate being lower in the latter 
case 

(d) Upon transplantation to a current much weaker than that 
in the original habitat, some of the larvae voluntarily deserted the 
new locality within a few minutes The number thus disappearing 
became larger as current rate approached the minimum or fell 
below it Since all the physical and chemical conditions, except 
that of current, were id< ntical, this behavior seems to be a response 
to the current rate as such and indicates an inherent requirement 
far current This conclusion is furtht r supported by the observa¬ 
tion that in other experiments on reduced food supply or low dis¬ 
solved oxygen content, but with normal current, the larva did 
not desert the point of attachment 
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(«) The highest current rate obtained in trough experiments, 
6 feet per second, proved to be below the possible maximum 

5 The food factor was studied by the use of filtered lake water 
m current troughs Larvae of medium and large siw h continued 
to develop and transform to adults in this *ater with its much 
reduced food supply, the only effects being a somewhat prolonged 
pupation period and a slightly reduced size of the pupating larva< 

A small number of larvae have be<n found to Htand practically 
complete starvation for 7-9 days 

6 The problem of oxygen supply has bum studied in both 
standing and running water The following ri suits were obtained 

(a) Larvae have been kept in standing water in open \iksc1h 
for 14 23 days, with the majority living 6-9 days lIns contra 
diets the claim that standing water can ntver meet the supposed 
high oxygen demand of the larvae 

(b) Analysis of the dissolved oxygen in water from both the 
quiet and the agitated portions of the different Simuhum streams 
has shown that this oxygen content is pructicully the same This 
fails to support the general supposition that the larvae occur in thi 
agitated water because of its distinctly higher oxygen content 

(r) Experiments involving the use of water with much reduced 
quantities of dissolved oxygen ehowed that in such waters thi 
presence of current enabled th< larvae to live for prolonged periods, 
while m the absence of current the larvae succumlied within short 
periods The same result occurred even when the standing water 
had a much higher dissolved oxygen content 

Ginmnu Cocleoe, Nankinu, China 
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Pp viii + 427 {Out of print ) 

Purls Sold S< parately iu Paper Covers 
Part 1 Stumkh in the 1 irr ok T1 ri iooahalus By Orma Fitch 
Butler Umvi rsity of Mulligan Pp 1-109 31 25 net 

Part 11 Ins M\Til or Hmuilm at Ro\u B> John G Winltr 
Univirsity of Mulligan 1 p 171-271 $0 50 ntt 

Part UJ Homan Jaw Studjfs jn Iivy By Alvin J* 1 vans Pp 
275-354 *0 40 net 

Part IV Hkminihcam kb or F nsiuh is Silius Itaucub By Louia B 
Woodruff Pp 255-424 $0 40 net 

Vot V SounrEj, ok the Synoptk Gokpei 8 By Rnv Dr Carls Patton 
Pp xiu + 203 $1 40 Postage extra 

Siee, 28 X 18 5 cm 4to 

Vol VI Athenian Lektthoi with Outlink Drawing in Gi abb Vak 
nihh ON a Whitk Ground By Arthur Fairbanks With 15 plates 
and 57 illustrations in the text Pp vm + 371 34 00 Postage extra 


Ordtra ahvvld ba addnatad to Ike Lifjranan UtutmUy of H\ch\Qan 
Ann Arbor WwAipart Poataci astro, 



ii University of Michigan Studies — Continued 

Vol. VII Athenian Lekythoi with Outlinb Drawing in Matt Color 
on a Whit* Ground, and an Appendix Additional Lekythoi with 
Outline Drawing in Glaxk V arnish on a White Ground By Arthur 
fcoirbanks With 41 plates Ip x + 275 S3 50 Postage extra 

Vol VIII The Old Testament Manuhcripts inthb Freer Collection 
By Henry A Banders With 9 plates showing pages of tho Manu 
scripts in facsimile Pp viii + 357 $3 50 Postage extra 

Parts Sold Separately in Paper Covers 
Part I The Washington Manuscript or Deuteronomy and Joshua 
With 3 folding plates Pp vi + 104 $1 25 Postage extra 

Part 11 Iub Washington Manuscript or the Phalms With 1 
■ingle plate and 5 folding plates Pp vm *f 105-340 $2 00 

Postage extra 

Vol IX The New Testament Manljsu riptb in thf Freer Collfction 
By Henry A Bandera With 8 plates showing pages of the Manu 
scripts in facsimile Pp x + 323 |3 50 Postage extra 

Parts Sold Separately m Paper Covers 
Part I The Washington Manuscript or the houa Gospels With 
6 platen Pp vn + 247 $2 00 Postage extra 

Part II Ihb Washington Manuscript or the Kpibtlfs or Paul 
With 3 plates Pp ix -f 251-315 II 25 Postage extra 

Vol X The Coptic Manuschipth in the I reek Coi lection ByWilhain 
H Worrell With 12 plates Pp xxvi 4- 390 14 75 Postage extra 

Parts Sold Scparatily in Paper Covers 
Part I 1 he Coptic Psalter The Coptic Text in the Sahidic Dialect 
with an Introduction and with 0 plat) s allowing pnges of tho Manu 
script and fragments in Facsimile pp xxvi +U2 12 00 
Postage extra 

Part II A IIomilt on the Archangel Gabriel by Ceiebtinub, 
Bishop or Koms, and a Homily on the Virgin by Thfophilus, 
Archbishop of Alexandria from Manuscript I uauments in 
the Freer Collection and the British Mubfum The (.optic 
1 ext with an intnaJuLtion and Translation, and with 0 plates show¬ 
ing pages of the Manuscripts in facsimile Pp 111-306 $2 50 

Postage extra 

Vol XI Contributions to the History of Soikni k By liouis C Kar 
pinski and John G Winter With 11 plates. Pp xi + 283 $3 50 

Postage extra 

Parts Sold Separately 

Part 1 Robert or Chester s Latin Translation or the Algebra 
or AL-KBOWAjurui With an Introduction Cntioa! Notes. and an 
English Version By Louis C Karpinslu, University of Michigan 
With 4 plates showing pages of manuscripts m facsimile And 25 
diagrams in the text Pp vn + 164 42 00 Postage extra 

Part 11 The Prod homos or Nicolaus Stbno'b Latin Dissertation 
Concerning a Solid Body Enclosed by Process or Nature 

Order* #AoWd b* aAd r*u * d to Th* Libranan Umrwtu 
Ann Arbor Miehtgan. Ptttao* atfra 



University of Michigan Studies—Continued m 

within A Somd Translated into Unglwh b\ John G Winter, Uni 
veraity of Michigan with a foreword by Professor William H liobha 
With 7 plates Pp vu + 109-283 $1 30 PostagL extra 

Vol. XII Studies in 1 ajst Christian and Roman Aht By Charles H 
Morey and Walter Dennison With 67 plates (10 colored) and 91 illus¬ 
trations in the text Pp xm + 176 of print ) 

Parts Sold Separately 

Part I East Christian Paintinuh in thb F rekh Coi lection By 
Charles H Morey With 13 plates (10 colored) and 34 illustrations 
in tile text Pp xm + 86 Bound in cloth $2 50 Postngt extra 
Part II A Gold 'Iunabubh or tub I atb Roman Priuod By Walter 
Dennison With 64 plates and 67 illustrations in the text Pp 
89-176 Bound m cloth $2 60 Postage extra 

Vol. XIII Fragments ruoM the Cairo Genizah in tub l hebr Ooilec 
now Bv Richard Gotthtd Columbm University and Wilburn H 
Worn 11, Umvtrsitv of Mnhigan text wilh Translation and an In 
troduction With 62 plates showing th< dilTircnt atvlcs of writing in 
facsimile Pp xxxi + 273 Bound in doth S4 00 Pontage t xlra 

VOL. XIV Two Studies in Later Roman and Byzantine Administration 
By Arthur E It Bonk and Janies I Dunlap University of Michigan 
Pp x + 324 Bound m cloth $2 26 Postage extra 

Parts Sold Separately in Paper Covers 
Part I Tn® Master or thw OrriCKS in the I aier Homan and 
Byzantine Fmpiubs By Arthur h K Boak Pp x -f 160 (l 00 
Postage extra 

Part II Thb Omcr or tiir Grand Chamberlain in tih? I ateb 
Roman and Byxantinb Empires By James V Dunlap Pp 164- 
324 $100 Postugc extra 

Vou XV Greek Themba in Modern Musical SuTTiNna By All>ert A 
Stanley University of Michigan With 10 pluUh Pp xxn + 386 
$4 00 Postage extra 

Parts Sold Separately 111 F/if* r C overs 
Part I Incidental Muaio to Percy Mackayba Drama of Sappho 
and Ph aon Pp 1 -438 SO 90 net 

Part II Music to tub Alcebtia or Euhipidfs with English 1 rxt 
P p 71-120 SO 80 net 

Part III Music TOR THE IpHIOENIA AMONO TUE TaUKIANH BY LlRlFlDES 

with Greek Text Pp 123 214 $0 75 net 

Part IV Two Fragment* or Anciknt Greek Mobil Pp 217-226 
SO. 30 net 

Part V Music to Cantica or the Mknaechui or Piautus Pp 220- 
263 SO 60 net 

Part VI A-rns A Symphonic Poem Pp 205-384 SI 00 net 


Otdtf 1 <UM &§ addrMttd in Tk* Librarvm OnwiUv of MtcAifan 
Ann Artwf AficAnam PoNay* wiro 



iv UnuttrrUy qf Michigan Studies — Continued 

Vol. XVI Nioomachtjs or Gerasa Introduction to Ajuthmetio 
Tran tinted into English by Martin Luther D’Ooge, with Studies in 
Greek Arithmetic by Frank Egleston Hobbuu and Louis C Karpinski 
Pp vii + 318 $3 60 Poatago extra 

You XV1I-XX Hot At* CouaxeroNDiNci! or tax Amtrian Empire 

Translated into English, with a transliteration of the text and a Common 
taiy Bv Leroy Waterman IIDiversity of Michigan 
Vol XVII Translation and Transliteration Pp x + 490 $4 60 Post¬ 
age extra, 

Voi XVIII Translation and Transliteration Pp iv + 524 $150 

Postage extra 

Vol MX Commentary (In preet ) 

Vor XX Supplement and Indexes (In preparation ) 

Vol XXI Tim Minor Prophets in the Freer Collection and the 
Berlin * raoment of Genesis By Henry A Sanders and Carl Schmidt 
With 7 plates Pp xjJi + 436 |3 60 Postage extra 

Vol, XXII A Papyrus Godfx op the Shepherd or Hermab. By Camp¬ 
bell Bonner, University of Michigan (In press ) 

Voi XXIII Tuk Complete Commentary op Gkoumeniuh on the Apol- 
at YPrtv Now printed for the first time from Manuscripts at Messina, 
Home Salonika and Athos By H C Hoskier Pp vw + 260 $4 00. 
Postage extra 

Vol. W1V Zenon Paptri in the University op Michigan Collection 
By C C l dgar Pp xiv + 211 With 6 plates $3 60 Postage extra 
Vol XXV H vranih Topographical and Architectural Report op 
Excaiationh DLKIM3 the Seabons 1924-28 By A E H Boak and 
b Peterson Pp vm -f 09 With 42 plates, 19 plans, and 1 map 
$2 00 Postage extra 

FACSIMILES OF MAITOSCJUPTS 

Si*e, 40 6 x 36 cm 

Facsimile or the Washington Manuscript or Deuteronomy and Joshua 
in the Freeh ( ollection With an Introduction by Henry A. Sander* 
Pp x, 201 hehotype plates The University of Michigan Ann Arbor, 
Michigan, 1910 

Limited edition distributed only to Libraries under certain conditions A 
list of I ibrariea oontalutai this Facsimile Is printed in Umeerttiy of MtcMgan 
Studw Humanutv Strut, Volutno VIII pp 361-363 

Slse, 34 x 26 cm. 

Facsimile op the Washington Manuscript op the Four Gospels w the 
Freer Collection With an Introduction by Hennr A. Sanders Pp, 
x, 372 hehotype plates and 2 colored plate®. The University of Michi¬ 
gan Ann Arbor, Michigan, 1912 

Limited edition distributed only to Libraries, under certain conditions A 
list of Libraries containing this Facsimile is printed in Unvumty of 
Studio* Hunanuhc Sente Volums IX pp 317-330 


Ord wt iAomW bt niirmoi U The LiktOrieti, V u tt er tile of 1/uUNa 
Am irifr MU M fom, F>®|af> aMra. 



University of Michigan Studies —Continued v 

She#, 30 6 x 40 6 cm 

Fsaeruiut or the Washington Manuscript or the Minor Phopuktu 
in tub Freer Collection and th» Berlin I raHMENT or Genesis 
With an Introduction by Henry A Sandcra With 130 plates The Urn 
▼entity of Michigan Ann Arbor Michigan, 1927 

limited edition distributed only to Libraries under certain conditions A 

lbt of Libraries containing this Faomrmle u printed In Lmtewty of M%eh\yan 

Studies Humanistic Series Volums XXI pp 431—134 

SCIENTIFIC SERIES 

Siie, 28 x 18 6 ctn 4° Bound m t loth 

Vol. I Tub Circulation and Sleep By John F Shepard University of 
Michigan Pp lx + 83, with an Atlas of 03 platen, bound separately 
Text and Atlas, $2 60 Postage extra 

Vol. II Studies on Divergent Sehibs and Swmuabiuty By Walter 
B Ford, University of Michigan Pp xi + 194 *2 60 Postage extra 

Site, 16 X 23 6 rm 

Vol III The Oboioot or thb Netherlands East Indies By H A 
Brouwer With 18 plate* and 17 text figures Pp mi + 160 *3 00 

Portage extra 

Vol IV Thb Gla< ial Antics loner Thb Poi m or tub Atmospiikric 
Circulation By William Herbert Hobbs With 3 plates and 63 figures 
Pp xxiv + 198 *2 76 Poet ago extra 

MEMOIRS OF THE UNIVERSITY OF MICHIGAN MUSEUMS 

Sin 2b x 17 cm 4° Bound in Cloth 

Vol I The Whip Snares and IUceiw Cknera Mahtioofhis and 
Coluber Bv \ I Ortunburgcr, University of Oklahoma With 36 
plates and 64 text figures Pp xvni + 247 *6 00 Postage extra 

Vol. II Description or th* Skull or a New 1 orm or Phttorauk, with 
Notes on thb Characters or Described N ohth American Phytosaurs 
By K C Case, t mversity of Michigan W ith 7 plates and 24 text figures 
Pp vl + 56 *2 00 Portage extra 

UNIVERSITY OF MICHIGAN 
PUBLICATIONS 

HUMANISTIC PAPERS 
OsmtaI MKori KUOBNI 8 MeCARTHKT 

Sue, 22 7 x 16 2 cm 8* Bound in Cloth 

T«i Lira and Work or George StivestEr Morris A Chapter in the 
Hutort or America* Thought in tb* Nineteenth Century By 
Robert M Wenusy Pp xv + 332 *1 60 Postage extra 

Lati* and Greek in American Education, with Symposia on the Value 
Or HtWAxnttc Studies, Hevieed Edition Edited by Francis W 
Kelsey Fp. xni + 300 12 00 Portage extra 

Orders thouU R gdd r tee sd to The Libferux* tfnieereUy of M ie hiy en, 

Ann Asher Mtckifan TbeUf* *w$ro. 



v] University of Michigan Publication$ — Continued 


Ths Men a ten hi or Putitub The Latin Text, with a Translation by 
Joseph H Drake, University of Michigan. Pp xi +130 Paper 
covors 90 60 Postage extra 

LANGUAGE AND LITERATURE 

Vol I Studies in Shak^mpfabe, Miiton and Donne By Members of 
the EngliHh Do pur tment of the University of Michigan Pp vm + 232 
$2 60 Postage extra 

Vol II Elizabethan Proverb Lore in Lyly's Fuphues' and in 
l*BTTIl/s ‘ ITETITE PALLACK ' WITH PARALLELS FROM ShaKBSPEAR* By 

Morns P Tilley l’px + 461 93 60 Poetngo extra 

Vol. Ill Thh Social Modk of Restoration Comedy By Kathleen M 
Lym h Pp x + 242 |2 60 Postage extra 

Vol IV Stuart Politics in ( hapman s Tragldy or Chabot By Norma 
L) Solve Pp x + 176 Cloth 92 60 Postage extra 

Vol V Ll I iHito uki C aualt ruo Zii ar Parti Text By C P Wagner, 
University of Michigan Pp xvm + 532, with 0 plate** Cloth 95 00 
Postage extra 

Vol VI Ft I mao del Cauailero Zifar Part II Commentary By 
C P Wagner (/« preparation ) 

Vol. VII Strindberg's Dramatic Expressionism By C E W L 
DahlstrOm Pp xii + 242 Cloth 92 50 Postage extra 

HISTORY AND POLITICAL SCIENCE 

(The Jirst three volumes of this senes uere published ns * Historical Studies,” 
under the dtredxon of the Dejtartment of History V olumes 1V and \ mere 
published mthout numbers ) 

Vol 1 A History ok the President h Cabinet By Mary Louise Hinsdale 
Pp ix + 366 (Out of print ) 

Vol II Engiish Rule in Gascon r 1199-1269 with Special Reference 
to the Towns By I rank Burr Marsh Pp xi + 178 Cloth 91 26 
Postage extra 

Vol III The Color T ine in Ohio A History or Raib Prejudice in a 
Typical Northern State By Frank Uriah Quillan Pp xvi + 178 
Cloth 91 60 Postage extra 

Vol IV The Senate and Treaties, 1789-1817 The Development or 
the Treaty Making I unctions or the United States Senat* 
during Thkik Iormativf Pkkiod By Ralston Hayden Tfniverwty of 
Michigan Pp xvt + 237 Cloth 9160 Postage extra 

Vol V William Plumeh's Memorandum or Proceedings in the United 
States Senate, 1803-1807 Edited by Everett Somorvillo Brown, 
University of Michigan Pp xi + 673 Cloth 93 50 Postage extra. 

Vol VI The Grain Supply or England during the Napoleonic Period 
By W F Oalpm Syracuse University Pp xi + 305 Cloth 93 00 
Postage extra 

Ordsrt skeuld b* atUrousd to The Librarian UmrortUy of Ifn htf a w 
Ann Arbor Mwkiten Posinet *#tr* 
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VOL VII ElOHTEKNTH C ENTtNlY DOCUMENTS RUATINO TO TUB RjOYAL 
FORESTK. TUB SnERUKS AND HMUUOUNU 8 kLF<TED MIOM THE bHKU- 
BUKNB MANrmrKtl*T8 IN THE V\ III JAM L C LI* ME NTH I IOIIARY By 
Arthur I yon Cross University of Mu higan With 4 plait a Pp xvm + 
328 $3 00 Pontago < xtra 

VoL VIII Till- LoW ( OHNTHIP8 AND TUI 1 Hl’NDHM) VhAJtft Waii t LiG- 
1147 By Henry 8 l liras University of Chiiago Pp xvm+096 
Cloth $4 01) Postage extra 

Vol IX Thb Anolo-Frlnch Treaty ok ( ummkuce ok 1860 and Tnn 

pROGHEWJ OK THE INDUSTRIAL, RkvOI LTION IN I RANCV lly \ I 

Punbara, University of Michigan Pp xiv + 400 (loth Id 00 Postage 
extra 

Vol V The YorTU okFuahvi h Bv A H)ina, Pp xn + J50 With 8 plates 
and 2 maps $3 00 Postage ext m 

CONTRIBUTIONS FROM THE MUSEUM OF PALEONTOLOGY 

VOL I Til* StRATKIHAPHY AND i ADNA OF THE II Af KBERllY StAOE OF THU 
Upper Devonian By Carroll Lane teuton and Mildred Adams Fenton 
With 45 plates, 0 text figures am! I map Pp \i + 260 ( loth 12 75 

Postage extra 

Vol II Consisting of 14 mw^llanoous papers published Ih tween July 10, 
1924 and August J, 1927 With 41 plat**, J9 text figures and 1 map 
Pp ix + 240 Cloth }3 00 Postage LXtra 

Parts Hold Hepnratdj in Paper ( overs 

No 1 A Poesible Explanation of Fenestration in the Primitive Reptilian 
Skull, with Notes ou the Temporal Region of the Conus Dimetrodon 
by E C Case Pp 1-12 with five illustrations 10 30 

No 2 Occurrence of the Golhngwood Formation in Michigan by R Ruede 
mann and G M Ehlers Pp 13-18 $0 15 

No 3 Hilunan Cephalopods of Northern Michigan, by Aug F Foerste 
Pp 19-86 with 17 plates $1 00 

No 4 A Specimen of S tylcmytt nebraiicrnti* T«udy with the Skull Pro* rved 
byE C Case Pagea 87-91 with 7 text figures Pnn |0 20 

No 5 Note on a New Species of the Eoccuo Crocodilian A Uognalhomchui 
A warth£n\ by E C Cano rages 93-97 with 1 plate and 1 text figure 
Pnoo, 10 20 

No 6 Two N» w Crmoids from the Devonian of Mirlugan by 0 M Thiers 
Pages 99-104, with 1 plate Pnt u ID 20 

No 7 New Brachiopods from the Warsaw lonnation of Wayne County 
Kentucky, by U M Ehlers and M 8 Chang Pages 105-111 with 1 
plate Price, $0 20 

No 8 The Richmond Formation of Michigan by U C Hussey Pages 
113-187, with 11 plates, 12 text figures and 1 map Price, $0 75 

No 9 Devonian Cephalopoda from Alpena in Michigan by Aug F Foerste 
Pages 189-208, with 6 plates Price $0 35 


Ordtn thaidd t>4 sdd**M«d to Tk* Librarian (/niMriUy «/ Michigan 
Ann Arbor Michigan Pottage ortra 
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Vo 10 The Vertebral Holum/i of ( odaphytts Cope by 1 C Case Pages 
209-222 with 1 plate and 0 text figure* Price tO 25 
No 11 A Ni« Spent* of Tnonvehid Turtle, Amyda nelsoni, from the 
Locum Beds of Soul hw< stern Wyoming by h C Case Pages 223-226, 
with 1 plntu and t kxt figurts Prut $0 20 
No 12 A C ompleto Phytosaur Pelvic from the I na&ue Htds of Wt stern 
Texas by L C (use Pages 227-220 with 1 platt Price $020 
No H Diacovc ry of a Hamilton I anna m Kontheastc rn Mn higan by G M 

Lhlc.ru and Marv V Cooley 1 ages 231-210 Prion $015 
No 14 Anisutrypa toaynenns a Now Rryuroan from the Warsaw I ormation 
of Kentucky b> ( harlts F Duss, Jr Pages 237-239 with 2 plates 
Pri< c $0 20 

Voi 111 No 1 Indkation* of a C otvlonaur and of a New Form of 1 ish from 
the Jria8Hir Bod* of 1 pkom with Hi marks on the Nhinanmip Cungluin 
©rate by L ( ( two 1 ages 1-14 with 1 plate Pnte $0 25 

No 2 howul 1 i«hes from the 1 naxnic of 1 ( xhh by tldred S \N arthin Jr 

Pages 16-1S with 1 plate Pnu, $0 30 
\o 1 f ontributions to tht ( oology of 1 oxe land Baffin Inland by T M 
( ould \ug 1 I oermt and U l Ihissev 1 ages 10-77 with Lf plates 
1 text figure and 1 map 1 me $0 7 i 

No 4 (. ystoids from the Innlon Croup of Mulligan by K C Hussey 
I ages 77-79 with t plate Price $0 20 
No 5 Description of a Nearly ( umplete Skeleton of OModoU 7 rt* brnispinatui 
Wilhston by h C ( ase Pages Sl-107 with J plates ana 12 text figures 
true $0 15 

No 0 Tim Color Patterns of Lowul Cephalo|>ods and RrachmiiodB with 
Notes on Gasteropoda and Peheypods, bv Aug T lot rote I ages 109- 
150 with 5 plates Price $0 50 

No 7 Additional Notes cm Nephritiotrnm, b> Aug h hoerste Pages 
161 154, with 1 plate and l text figure Price $0 15 
No s On llie Lower Jaw of Hrar.hyxttf.hnA wryalndon hy L C Case Page# 
1 j >-Jrtl with live platen and two text figure.* Pruc $ 30 

UNIVERSITY OF MICHIGAN COLLECTIONS 

Catalogue or nif Steakivk ( ollfotton of Musical Instrccmp nts (Second 
edition) By Allmrl A Stanley With 40 plates Pp 270 $4 00 


PAPERS OF THE MICHIGAN ACADEMY OF SCIENCE, ARTS AND 
LETTERS 

(Containing Papers submitted at Annual Meetings) 

Editor* EUGENE S McCABTNEY AWU PETER OCKSLBBRO 

Sixt* 24 2 x 16 6 cm 8 Bound in Cloth 
Voi I (1921) With 3S plates 1 text figure and 5 maps Pp xi + 424 $2 00 
Postage c xtra 

Voi II (1922) With 11 plates and 7 text figure*. Pp xi + 226 $2 00 

Postage c xtra Bound in papor $1 50 Postage extra 

Ordtri tAouid be <iddr«*«tfd lo The Librnr\an {/mwitly / M<dW#at» 

Ann Arbor WicAi#an Pottage*rtra 
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Vol III (192*1) With 29 platen, 15 text figures and 2 maps Pp xu + 473 
$3 00 Round in p iptr $2 25 Postage extra 
VoL IV (1924), Part! W ith 27 plates 22 text ligurcH and 1 maps Pp mi 
+ 031 S3 00 Round in paper $2 2 t Poatagp extra 
Voi IV (1924), Part II A Key to the Snak*h or the tlNm<D STATr«, 
Canaua and Iajwlr CaUKukma Ry I rank \ Blanchard W ith 78 
text figures Ip \m + « » < loth $17> Postage extra 

Vol, V (1925) With 27 plates 20 text figures and X map Pp xu 4 479 
S3 00 Round in pipe r $2 25 1 oMtugc txtru 

Voi VI (1920) (Phis volume contuuw papers in b ititnv onK ) With 28 

platen, 4 text figures and 3 maps Pp \ti 100 S3 00 Round m 
paper, %2 25 Pnut.ag« ixtra 

Vol VII (1920) ( Tina volume doc h not eoni am papers in botan\ ) With 

28 plati 8 17 text figures and 7 maps J p xu f 4 {> SI 00 Round 
in paper S2 25 Postage rxtri 

Vol VI11 (19*27) With 12 pint J4 te \t. figure** and 2 rn ips Pp xiv + 450 
$3 00 Bound m p iper S2 2 j Post ige i xtm 
Vol IX (1928) (This volume contains papers in botaiu and foriMtrv only ) 
With 99 plates and 29 text figures Pp xiv + 597 $100 Round in 

jmper $2 25 Post.age extra 

( ONTRlBUTK>N» TO A Mu NOOK A I’ll OS O’llE tiCNlS IU LIA V1 H l K By 
I* L Wat non Michigan State College Ri printed from Vol IX pp 
305 470 with forty plates Bound in paper, $2 00 
Voi \ (1928; (Tina vol unit does not. eon tain pRjxrsm l>ota»y and fonstrv ) 
With 24 plutis 01 text figures and 13 maps Pp xvu | t>20 SI 00 
Round in paper $2 25 Peerage extra 

Voi \f (1929) { fins\o!ume contains pnpc r» in hotanv and zoology onl\ ) 

With Tw plates JO text hgurts and 3 maps Pp xu + 4'll $3 0 
Round m paper $2 25 Postage extra 
Vol XII (1929) (Tins volunn does not contain papi rs m botanv and rool 
ogi ) With J9 plates J() text figures and 8 maps Pp xd + 348 S3 00 
Round in pai>er Si 25 Postage < vtm 

V ul XIII 11930) (Ibis volume rontauiH papers in hotafix and zoology 
onR ) With 48 plates 4tt figures and 8 maps Tp \n t 003 $100 

Round in papei S2 25 Postage extra 

Vor XIV U930) (This \c>luin« docs not contain pifiOis m botany md 
zoology ) With 04 plates 20 figures and 51 rnajm Pp xm -+ (149 
$4 00 Round m paper $2 25 Postage extra 


OrtUrt ah vld be oddraated to The f ibrarum 6ni tent tv of Michigan 
Ann Arbor M \ch (fin Pottage extra 





